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LITERATURE SURVEY OF PROPERTIES OF SYNFUELS DERIVED FROM COAL* 

Francisco Flores 

National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 44135 


SUMMARY 

The report contains the results of a literature survey conducted by 
NASA Lewis Research Center. The survey objective was to systematically 
assemble existing data on the physical, chemical, and elemental composition 
and structural characteristics of synthetic fuels (liquids and gases) 
derived from coal. The report contains the survey results compiled to 
October 1980. The report includes the following: 

(1) A general description of fuel properties, with emphasis on those 
properties required for synfuels to be used in gas-turbine systems 
for industry and utilities. 

(2) Description of the four major concepts for converting coal into 
liquid fuels (pyrolysis, solvent extraction, catalytic 
liquefaction and indirect liquefaction). 

(3) Data obtained from the literature on full range syncrudes and 
certain distillate cuts for fuels derived by various processes - 
including H-Coa1, Synthoil, Solvent Coal, COED, Donor Solvent, 

Zinc Chloride Hydrocracking Co-Steam, Flash Hydropyrolysis, and 
Catalytic Liquefaction (These data are segregated into tables 
according to the processes by which they were derived, and they 
are also tabulated by fuel type so that fuels of similar cut can 
be compared for the various processes.). 

(4) Description of upgrading processes for coal liquids and 
characterization data for upgraded fuels. 

(5) Data plots illustrating trends in the properties of fuels derived 
by several processes. 

(6) Description of the most important concepts in coal gasification 
(fixed bed, fluidized bed, entrained flow and underground 
gasification) and characterization data for coal-derived gases. 

(7) A source list and bibliography on syncrude production and 
upgrading programs. 

(8) A listing of some Federal energy contracts for coal-derived 
synthetic fuels production. 

Since information on synfuels is not readily available in the 
literature, additional information sources were used in compiling the 
survey, such as monthly contractor reports from ongoing Department of Energy 

A condensed version of this report was presented at the ASTM symposium on 
Alternate Fuels and Future Fuels Specifications for Stationary Gas Turbine 
Applications, Phoenix, Arizona, Dec. 9-10, 1981. 



projects and private correspondence. These sources are noted in the data 
tables where applicable. 


INTRODUCTION 

The work described in this paper is a part of the Department of 
Energy/NASA Lewis Research Center (DOE/Lewis) Critical Research and Support 
Technology (CRT) project. The program is a Lewis in-house effort with 
funding provided by the DOE and technical program management provided by 
NASA Lewis. 

This report presents a literature survey of information on coal-derived 
fuels up to October, 1980. It upgrades and replaces a previously published 
literature survey (ref. 1). The physical and chemical properties of liquid 
and gaseous fuels being produced in DOE pilot plants and upgrading programs 
are presented. The report also includes descriptions of some coal 
liquefaction, upgrading and gasification processes that are at least in the 
process development unit (PDU) stage. The fuels that are investigated 
include low and medium-Btu gas, heavy and light liquid distillates, and 
residual liquids. 

Natural gas and No. 2 fuel have been used in industrial and utility 
applications. These fuels are presently used in open cycle gas turbines for 
utility peaking service and also in combined gas-turbine/steam-turbine cycle 
for intermediate duty service. However, these clean fuels are becoming 
scarce and expensive and may not be available for future ground-based 
turbine applications. Viable future fuels for ground-based gas turbines are 
heavy petroleum oils in the near term and fuels derived from coal. Adapting 
gas-turbine technology for the use of coal-derived fuels requires the 
development of key capabilities. 

To address this need, NASA and the ERDA Office of Fossil Energy began 
the Critical Research and Advanced Technology Support (CRT) project with the 
signing of Interagency Agreement EF-77-A-01-2593 on June 30, 1977. Upon 
creation of the DOE on October 1, 1977, the project was assigned to the DOE 
Division of Power Systems, which was renamed the Fossil Fuel Utilization 
Division. The CRT project will provide a gasturbine technical data base for 
the DOE Integrated Coal Conversion and Utilization Systems Program, which is 
aimed at developing improved central-station utility power-conversion 
systems that use coal and coal-derived fuels. 

The technical objectives of the CRT project are 

(1) To develop combustor concepts that will fire coal-derived fuels in 
an environmentally acceptable manner 

(2) To develop a combustion and materials data base to aid in 
establishing fuel specifications for advanced, fuel-flexible 
stationary power-conversion systems 

(3) To develop acceptable ceramic coatings for use with coal-derived 
fuels 

(4) To develop a corrosion data base for combustor and turbine 
materials exposed to combustion products of coal-derived fuels and 
to correlate the data in a corrosion-life prediction model 
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(5) To study the trade-offs between various gas-turbine technologies, 
operating conditions, and component designs 

The literature survey, which is the subject of this report, is being 
conducted under the combustion portion of the CRT project. Additional 
combustion efforts include analytical modeling to determine combustor 
parameters that affect the conversion of fuel-bound nitrogen into oxides of 
nitrogen (NOx); flame-tube experiments to evolve fundamental concepts for 
minimizing the conversion of fuel-bound nitrogen into NOx; and evaluation of 
experimental combustors with coal-derived fuels at simulated gas-turbine 
combustor operating conditions. Results of these efforts have been 
previously reported in separate publications (refs. 2 to 4). 

In surveying the literature, it becomes apparent that sufficient 
information on coal-derived fuels is not readily available. Thus, 
additional information sources included monthly reports from ongoing 
DOE-sponsored projects and private correspondence. These sources are noted 
in the data tables where applicable. 


DETAILS OF LITERATURE SURVEY 


This survey emphasizes synthetic fuels processes that are the furthest 
along in development. Information on both the processes and the fuels is 
presented. Since new data are continually generated and published by the 
contractors involved in synthetic fuels projects, no survey report can 
contain all the latest data on the fuels of most interest. However, this 
report gives the general status of characterization data available to 
October 1980 and some of the physical and chemical data needed for the CRT 
project. 

This report is arranged in the following general format: 


( 1 ) 


Fuel properties discussion - this section includes a discussion of 
fuel properties of concern to gas turbine users. 


(2) Coal liquids 

(a) Liquefaction processes - This section describes the four 
major concepts for converting coal into liquid fuels. 

(b) Upgrading processes - This section describes the processes 
(mainly hydroprocessing) used to upgrade coal-derived fuels. 

(c) Liquid fuels property data - This section contains 
characterization data of coal-derived syncrudes and their 
distillation cuts, and properties of upgraded streams. It 
also includes a comparison of properties of different 
coal-derived liquid fuels. 


(3) Coal gases 

(a) Gasification Process - This section describes the four major 
concepts for converting coal into gaseous fuels. 

(b) Gaseous fuels property data - This section contains 
characterization data for coal-derived gases and discussion 
of this data. 
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FUEL PROPtkTIES DISCUSSION 


Examples of the fuel analysis sheets that were used to collect physical 
and chemical property data for coal-derived synthetic fuels are shown in 
table 1 for liquid fuels and in table 18 for low-Btu gases. The lists of 
properties in these tables were taken from a number of sources that 
recommended the appropriate fuel properties for applications of advanced 
gas-turbine systems. 

Physical property data such as pour-point, viscosity, and distillation 
range are important in determining the pumping, heating, and atomizing 
characteristics of the fuel. Chemical properties such as elemental 
composition and trace-metal analyses are important in determining the 
combustion, emissions, and corrosion characteristics of the fuel. An 
excellent discussion of the importance of many properties listed in tables 1 
and 18 and the use of these fuels in gas-turbine combustion systems is 
contained in reference 5. 

Although it would be desirable to know values for all the listed 
properties for any given fuel, the current specifications placed upon 
gas-turbine fuels by users are much less comprehensive. Table 2, from 
reference 5, shows specifications for several types of liquid fuels for 
advanced gas-turbine industrial engines. The following comments on the 
importance of some of these specifications draw upon material contained in 
reference 5. 

The ash and trace-metal contaminants, which are most likely to be 
concentrated in the higher boiling fractions during processing, can lead to 
turbine corrosion and deposits. Of the trace metals listed in table 1, the 
more critical ones appear to be vanadium, sodium, potassium, and lead. 

Although no specifications are shown for the elemental compositions (C, 
H, N, S, and 0), the values of these are important in determining the 
combustion and emission characteristics of the fuel. Hydrogen content is a 
critical factor in controlling the smoke emission levels and the radiation 
properties of the gases in the combustor. The higher the hydrogen content 
of the fuel, the less tendency it has to smoke and the less tendency it has 
to radiate heat to the combustor walls. Fuel-bound nitrogen will contribute 
to the nitrogen oxide pollutant emissions, since varying amounts of 
fuel-bound nitrogen are converted to NOx during the combustion process. 
Sulfur in fuel leads to sulfur oxides in combustion that, when combined with 
other trace metals, can corrode the turbine. Significant emission problems 
also occur with fuel-bound sulfur since it is totally converted to sulfur 
oxides in combustion. 

The pour-point and viscosity-temperature characteristics of the fuel 
are important in determining: 

(1) The fuel heating that may be required to pump fuel through the 
system 

(2) The pump pressure requirements 

(3) The fuel temperature required at the fuel nozzle for proper 
atomizing. (Maximum viscosities of 10 to 20 cS, depending on the 
fuel atomizer used, are set to obtain proper nozzle operation.) 

The thermal stability of the fuel - which is the tendency to form 
deposits in fuel manifolds, fuel nozzles, and fuel heaters - is a most 
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important property for the higher viscosity residual fuels. These fuels may 
require heating to high temperatures to meet the viscosity requirements. 

The heating required for these fuels may lead to deposit formation. 

Table 3, obtained from reference 27, shows some typical ranges of fuel 
properties applicable to current industrial gas-turbine systems. 


COAL LIQUEFACTION PROCESSES 

Four major concepts have been developed for converting coal to liquids 
(fig. 1): pyrolysis and hydrocarbonization, solvent extraction, catalytic 
liquefaction, and indirect liquefaction. Each concept is discussed briefly 
here, and the status of the most important processes that use each concept 
are summarized. The technology for coal liquefaction is reviewed in detail 
in references 6 to 9. 


Pyrolysis and Hydrocarbonization 

Pyrolysis, or carbonization, takes place when coal is heated in the 
absence of air or oxygen to obtain heavy oil, light liquids, gases and 
char. When pyrolysis is carried out in the presence of hydrogen it is 
called hydrocarbonization. Pyrolytic processes typically convert about 50 
percent of the coal to char, which presently does not have a ready market. 
Thus, these processes appear to be best suited to plants that use char 
gasification to produce synthesis gas, hydrogen, or fuel gas. Using short 
residence times or pyrolyzing coal in a fluidized bed at high pressures in 
the presence of hydrogen improves liquid yields but may require additional 
processing to reduce the sulfur in the products. Pyrolytic processes 
include Lurgi-Ruhrgas, COED, U.S. Steel Clean Coke, Coalcon, and Flash 
Hydropyrolysis. 

Lurgi-Ruhrgas . - This low pressure process was developed for the 
liquefaction of European brown coals and is the only pyrolysis process 
presently in commercial use (ref. 7). A schematic diagram of the process is 
shown in figure 2. Pulverized coal is rapidly heated to about 450 to 600°C 
by direct contact with recirculated char particles previously heated by 
combustion with air in an entrained flow reactor. A portion of the 
carbonized char is withdrawn as product; the rest is recycled to the 
entrained flow reactor. Products of the process (by weight) are 50 percent 
char, 18 percent liquids, and 32 percent gases. A 1600 ton/day plant was 
built in Yugoslavia in 1963 and is still operating. 

COED . - The Char Oil Energy Development (COED) process (refs. 7, 10, 
and ll) was developed by FMC corporation. It produces synthetic crude oil 
by pyrolysis of crushed coal in a series of fluidized bed reactors (fig. 

3). Agglomeration is prevented by operating at successively higher 
temperatures. Some of the char is gasified by steam and burned with oxygen 
in the fourth stage to maintain the bed temperature and to provide hot gases 
for heating and fluidizing the second and third stages. A 36 ton/day (TPD) 
pilot plant in Princeton, New Jersey started operation in 1970. It produced 
about 6 tons of oil, 18 tons of char, and 4 tons of gas. Pilot plant 
operations have been concluded and demonstration plants have been designed. 

U.S. Steel clean coke . - The Clean Coke process (ref. 12) developed by 
U.S. Steel Corporation combines pyrolysis and solvent extraction processes. 

A schematic of the process is shown in figure 4. This process produces 
metallurgical coke, and gaseous and liquid fuels. A portion of the coal is 
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sent to a pyrolysis unit. The char produced is used to make metallurgical 
coke. The rest of the coal is sent to a solvent extraction unit. The 
liquid product from this unit is combined with the liquid stream from the 
pyrolysis unit and treated to obtain product fuels. Part of this liquid is 
recycled and used as a solvent in the solvent extraction unit. The gaseous 
streams from both units are also combined and treated to produce gaseous 
fuels. 

Coalcon. - The Coalcon process (refs. 7 and 11) developed by Union 
Carbide utilizes heavy fuel oils and gases. A flow diagram of the process 
is shown in figure 5. Average yields from subbituminous coal are 40 wt % 
char, 30 wt % liquids, 20 wt % gases, and the remainder ash. 

Flash hydropyrolysis. - In flash hydropyrolysis processes (refs. 13 and 

14) , coal is contacted with hot hydrogen at high pressure in an entrained 
flow reactor. The reaction is terminated by rapid quenching of the 
products, thus preventing dehydrogenation, repolymerization, decomposition, 
and carbonization. There are two major flash hydropyrolysis processes (ref. 

15) : the Cities Services (fig. 6) and the Schroeder Spencer Chemical Co. 

processes (fig. 7). The two processes are very similar and the main 
difference between them is that the Schroeder process uses catalytic 
hydropyrolysis and hydrogenation of the liquid products. 

Solvent Extraction 

In solvent extraction processes, coal is mixed with a solvent 
containing relatively loosely bound hydrogen atoms. This solvent can 
transfer those hydrogen atoms to the coal at temperatures of about 500° C 
(932° F) and pressures of about 275 atm. Heating breaks many of the 
physical interactions in the coal such as van der Waals forces and hydrogen 
bonding forces. It also breaks wealc chemical bonds and the solvent promotes 
hydrogen transfer to the broken bonds. The recycle solvent, usually a 
mid-distillate of process-derived liquids, is continuously recovered and 
recycled to the extraction vessel. The ash in the extraction vessel can act 
as a catalyst for the solvation process. The solvent extraction processes 
included in this report are: Consol Synthetic Fuel (CSF), Solvent-Refined 

Coal (SRC), Co-Steam, and Exxon Donor Solvent (EDS). 

Consol synthetic fuel . - The CSF process (refs. 7 and 11) was developed 
by Conoco Coal Development Co. (formerly Consolidation Coal Co.). In this 
process coal is slurried with a process-derived solvent in a stirred 
extraction vessel that operates at a temperature of approximately 400° C 
(750° F) and at pressures of 11 to 30 atm. The recycle solvent is 
hydrotreated in a catalytic reactor at pressures of about 205 atm and 
temperatures of 425 to 250° C (800 to 845° F). A schematic diagram of the 
CSF process is shown in figure 8. The process yields about 63 wt % fuel 
oil, 25 wt % char and the rest is high-Btu gas. 

A 20 ton/day pilot plant was built at Cresap, West Virginia to produce 
gasoline from coal. The plant was closed in 1970. It was reactivated in 
1976 by the Fluor Corporation for operation to produce boiler and distillate 
fuels (ref . 16) . 

Solvent-refined coal . - The SRC process (refs. 7, 10, 11, and 17 to 19) 
was developed by the Pittsburgh and Midway Coal Mining Co. (PAMCO), a 
subsidiary of Gulf Oil Corp. The original SRC process (known as SRC-I) 
converts high-sulfur, high-ash coal to a nearly ash-free, low-sulfur fuel 
that is solid at room temperatures. Typical composition of SRC-I and raw 
coal is shown in table 4. 
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In the SRC-I process, crushed coal is slurried with a process-derived 
solvent. Gaseous hydrogen is added to the slurry and the mixture is heated 
to about 450° C (850° F) and pressurized to about 100 atm, and fed to a 
dissolver where extraction and hydrogenation take place. The liquid/solid 
mix is separated to obtain recycle solvent, a product light oil, and a solid 
fuel. A schematic of the SRC-I process is shown in figure 9. 

In a modified SRC (known as SRC-II), the solidification and solvent 
recovery unit is not required. In this process, a portion of the unfiltered 
dissolver liquid product (containing undissolved coal particles and ash) is 
used for recycle to slurry the feed coal. This results in a higher ash 
content in the dissolver providing a pseudocatalytic effect, a longer 
retention time and a higher H/C ratio in the liquid with a lower sulfur 
content. A schematic diagram of the SRC-II process is shown in figure 10. 

In the SRC-II mode, the product streams include (based on wt % of coal): 40 
to 50 percent residual oil, 6 to 12 percent fuel oil, and 2 to 5 percent 
naphtha. Small amounts of lighter fractions are 4lso produced. 

The Electric Power Research Institute and Southern Company services 
collaborated on a 6 ton/day PUD at Wilsonville, Alabama (refs. 20 and 21). 
Success in the PUU led to design construction and operation of a 50 ton/day 
pilot plant at Fort Lewis, Washington. Current plans call for continued 
testing at both the Fort Lewis pilot plant and the Wilsonville PDU into 
fiscal year 1981 (ref. 16). 

The Solvent-Refined Lignite (SRL) process is being developed by the 
University of North Dakota under contract to DOE. This process is based on 
technology derived from the SRC process. The SRL process uses synthesis gas 
(H 2 + CO) in place of the hydrogen used in the SRC process. Synthesis gas 
is used since low-rank high moisture coal provides the necessary steam for 
the in situ production of hydrogen by the water-gas shift reaction. A 
process diagram is shown in figure 11. A 0.5 ton/day PDU has been built in 
Grand Forks, North Dakota. 

Co-Steam . - The Co-Steam process is designed to liquify low ranking 
subbituminous coals which have high reactivities and high moisture content. 
Coal is liquified by treatment with CO and water by way of a noncatalytic 
reaction with hydrogen formed in the gas shift reaction (ref. 6). A 
schematic of the Co-Steam process is shown in figure 12. A coal-recycle-oil 
slurry is fed to a stirred reactor which operates at about 425° C (800° F) 
and 275 atm. The water required for the reaction is provided by the 
moisture contained in the low-rank coal. A 5 Ib/hr continuous PDU was built 
at the Grand Forks Energy Research Center, North Dakota. The PDU started 
operation early in fiscal year 1979 and should continue through fiscal year 
1982 (ref. 7). 

Exxon donor solvent . - The EDS process involves the liquefaction of 
coal in a hydrogen donor solvent (refs. 6, 7, 22, and 23). The hydrogen 
donor solvent is a catalytically hydrogenated recycle stream fractionated 
from the midboiling range (205 to 455° C) of the liquid product. A process 
diagram is shown in figure 13. After hydrogenation, the solvent is mixed 
with coal and fed to the liquefaction reactor. Molecular hydrogen is also 
added to the reactor which operates at 425 to 480° C (800 to 900° F) and 100 
to 140 atm. The slurry leaving the reactor is separated into gas, naphtha, 
distillates, and heavy bottoms. The bottoms are fed to a "Flexicoking" unit 
to produce additional liquids and low-Btu gas. The process yields about 20 
percent char, 54 percent oil and 25 percent gas. The thermal efficiency is 
about 60 percent. 
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Catalytic Liquefaction 


Catalytic liquefaction includes those hydrogenation processes in which 
catalysts other than the mineral matter naturally occurring in ash are used 
to promote hydrogenation of the hydrogen donor solvent. The catalysts 
usually used are Lewis acids such as FeO, MoO, ZnCl 2 and NiC102. These 
processes have the advantage that a separate reactor to rehydrogenate the 
solvent is not required. However, catalyst deactivation and separation 
problems have been encountered. 

Two main concepts are employed in catalytic liquefaction processes. In 
the first, the catalyst and the coal are in direct contact in the reactor, 
hydrogen gas is introduced, and rapid hydrogenation is achieved. Examples 
of these processes are the Schroeder and Liquid-Phase Zinc Chloride. In the 
second concept, the coal and the catalyst are not in direct contact, but the 
suspended pelletized catalyst promotes hydrogenation of the carrier solvent, 
which in turn hydrogenates the coal. Examples of these processes include 
H-Coal, Synthoil, and Clean Fuel From Coal. 

Schroeder. - In the Schroeder process, coal is impregnated with an 
ammonium molybdate catalyst and fed to a hydrogenation reactor along with 
gaseous hydrogen (ref. 7). Residence times of 30 sec are used in the 
reactor. Products from the reactor are cooled and separated; heavy oil is 
further hydrotreated to distillable oils and gas. A schematic of the 
process is shown in figure 14. Proouct yields are about 30 percent 
distillable liquids, 35 percent residual liquids, 5 percent char, and 30 
percent gas. Bench-scale tests of this concept were completed in 1962. 

Liquid-phase zinc chloride. - The liquid-phase ZnCl2> developed by 
Continental Oil Co., is designed to convert coal into distillates in the 
gasoline range by severe catalytic cracking under hydrogen pressure (refs. 6 
and 7). In this process coal is mixed with molten ZnCl 2 and fed to a 
hydrocracking reactor (fig. 15). The products are collected and separated 
from the catalyst which is regenerated and recycled. A 1.2 ton/day PDU has 
been built by the Conoco Coal Development Co. at Library, Pennsylvania. 
Shakedown testing began in 1978 (ref. 24). 

H-Coal. - The H-Coal process is being developed by Hydrocarbon Research 
Inc. (HRI). This is a liquid phase process in which coal suspended in a 
recycle solvent is contacted with particulate catalyst in an ebullating-bed 
reactor (refs. 6 and 7). A schematic of the H-Coal process is shown in 
figure 16 and the ebullating-bed reactor is shown in figure 17. A slurry of 
coal and solvent is forced upward through the reactor which operates at 450 
C (850° F) and 150 to 205 atm. The relative sizes of the catalyst and the 
coal particles are such that the catalyst stays in the reactor. Since 
catalyst deactivation has been rapid, provision is included to withdraw and 
add catalyst continuously. 

The H-Coal process yields about four barrels of oil per ton of coal 
(about 74 percent conversion efficiency by weight). About 5 percent char is 
also produced. A self-sufficient plant will be about 64 percent thermally 
efficient. 

The Office of Coal Research (OCR) and an industrial consortium funded 
the building of a 3 ton/day PDU. The experimental results and the economic 
feasibility studies were used to complete the design of a 600 ton/day pilot 
plant (ref. 25). The plant was built in Cattlesburg, Kentucky and is 
presently in operation. 

Synthoil. - The Synthoil process is being developed by the DOE 
Pittsburgh Energy Research Center (PERC). In this catalytic process, coal 
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is mixed with a recycle liquid and passed through a fixed bed catalytic 
reactor at high flowrates (refs. 6 , 7, 10, 11, and 18). The solid dissolves 
in the liquid solvent and the mixture undergoes hydrogenation in the 
reactor. A schematic of the process is shown in figure 18. Projected 
overall thermal efficiency of a self-sufficient plant is about 70 percent. 
The Synthoil process has been developed at PERC in a 5 Ib/day PDU. 
Foster-Wheeler has been awarded a contract to design and build a 10 ton/day 
pilot plant at Bruceton, Pennsylvania. 

Clean fuel from coal . - The Clean Fuel from Coal (CFFC) process, 
developed by C-E Lummus, is designed to convert coal into low-sulfur liquid 
fuel. The main features of this process are: (a) catalytic 

hydrodesulfurization of coal integrated with dissolution to produce a 
refined liquid product containing 0.5 percent sulfur or less, and (b) 
special ash separation to produce a product containing less than 0.1 percent 
ash (refs. 6 and 7). A schematic flow diagram of the CFFC process is shown 
in figure 19. 

Gulf catalytic coal liquids . - The Catalytic Coal Liquids (CCL) process 
is a proprietory coal-liquefaction development of the Gulf Oil Corp. This 
process involves the fixed-bed catalytic hydrogenation of a coal slurry with 
gaseous hydrogen. A schematic of the CCL process is shown in figure 20. It 
includes a fixed-bed radial flow reactor containing a hydrogenation catalyst 
such as cobalt molybdate. This catalyst is claimed to have good resistance 
to deposition, prolonged high activity, and tolerance to metallic compounds 
in the coal. Bench-scale tests led to a 10 ton/day pilot plant at 
Hammersvi 1 le, Pennsylvania. Design studies for a demonstration plant are 
being made. 


Indirect Liquefaction 

Indirect liquefaction involves gasification of coal to produce 
synthesis gas (H 2 + CO) followed by water-gas shift and catalytic 
conversion to produce liquid hydrocarbons and oxygenated compounds. 

Indirect liquefaction processes include Fischer-Tropsch, methanol synthesis, 
and methanol to gasoline (ref. 7). 

Fischer-Tropsch . - In the Fischer-Trospch process, a synthesis gas is 
initially produced via the steam and oxygen gasification of coal. 
Gasification can be accomplished in commercially available reactors (Lurgi, 
Winkler, Koppers-Totzek or Wellman-Galusha) . In situ gasification may also 
be used. The synthesis gas is then converted to liquid hydrocarbons, waxes, 
and smaller quantities of alcohol and ketones over an iron or cobalt 
catalyst. The reaction may be carried out in fixed-bed or entrained-bed 
reactors. Total process thermal efficiency including gasification is about 
40 percent. A commercial unit at SASOL in South Africa produces about 2000 
bbl/day of gasoline. A new facility is under construction in South Africa 
that will increase production to 40 000 bbl/day of gasoline and fuel oil. 

Methanol synthesis . - Methanol synthesis occurs according to either 

CO + H 2 ♦ CH 3 OH 
or 

CO 2 + 3 H 2 CH 3 OH + H 2 O 

The synthesis gas is obtained by coal gasification similar to the Fischer- 
Tropsch process. Several commercial -scale plants have been built abroad, 
and the technology is considered off the shelf. A feasibility study for the 
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conceptual design of a commercial plant was performed by Badger, Inc. for 
DOE (ref. 26). 

Methanol to gasoline. - The Mobil Oil Co., with DOE support, is 
developing a process for the catalytic conversion of methanol to gasoline 
(ref. 27). This process involves the dehydration of methanol over a zeolite 
catalyst to form hydrocarbons that are highly aromatic. 


OPGRADINb OF COAL LIQUIDS 

Existing technologies for upgrading coal liquids come largely from 
petroleum refining. Upgrading of coal liquids includes removal of oxygen, 
nitrogen, and sulfur by catalytic hydrotreating, and boiling range 
conversion by fluid catalytic cracking (FCC) and hydrocracking. Coal 
liquids are highly aromatic and most of the contaminants (0, N, and S) are 
contained in these aromatic structures making their removal more difficult 
in comparison to petroleum (ref. 28). Concentration of heavy metals (which 
deactivate the catalysts) is also much higher in coal liquid than in 
petroleum. 

Studies of catalytic hydrotreating have been performed using mainly 
liquids derived from the Synthoil, SRC, and H-Coal processes (refs. 29 to 
33). Hydrotreating was performed on the whole crude and on fractions like 
naphtha and mid-distillate. Fixed-bed and expanded-bed reactors were used 
in these studies. 

Very little work has been done on boiling range conversion processes 
for coal-derived liquids. Gulf Research a Development Co., under contract 
to DOE, performed a study on the processing of coal liquid residuals by 
coking followed by FCC (ref. 34). Problems were found due to catalyst 
deactivation by heavy metals present in the coal liquid residue. 


LIQUID FUELS PROPERTY DATA 

The characterization data obtained for the coal-derived liquids from 
the surveyed literature have been tabulated on the liquid fuel property form 
(table 1). The fuels are presented according to the process from which they 
were derived. Within any process, characteristics have been tabulated for 
different boiling-range fractions, as well as for the total crude. Property 
data for some hydroprocessed coal-derived liquids are also included. For 
ease of referral to the data, the various distillation cuts have been put 
into three general categories: light distillates (naphtha, light oil, 

etc.), middle distillates (diesel fuels), and heavy distillates (heating 
oils and residual fuels). 

All the fuel properties data surveyed are contained in this section. 
Tabulations are also indexed according to the sources from which the data 
were obtained. 

Characterization data are presented in the following tables: 

(1) Data from H-Coal processes in table b 

(2) Data from Synthoil processes in table 6 

(3) Data from SRC processes in table 7 
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(4) Data from COED processes in table 8 

(5) Data from the Gulf CCL process in table 9 

( 6 ) Data from the EDS process in table 10 

(7) Data from the ZnCl 2 Hydrocracking process in table 11 

( 8 ) Data from the Co-Steam Process in table 12 

(9) Data from the Flash Pyrolysis process in table 13 

(10) Data from a catalytic liquefaction process in table 14 

(11) Data from the Sea Coal process in table 15 

( 12 ) Summary of liquid fuel properties in table 16 

This literature survey emphasizes those processes that are furthest 
along in development and are still active. This criterion could probably 
have restricted the search to the liquefaction processes of H-Coal, 
Synthoil, SRC, EDS, and COED. However, it was felt that including data on 
newer processes like the CCL and the Liquid-Phase ZnCl 2 , could be useful. 

It IS readily apparent from casual examination of tables 5 to 16 that 
many of the fuel properties data of interest to this survey have not been 
determined for the fuels produced to date. In a few specific instances, 
where the fuel characterization studies were of fuels for gas-turbine 
engines, many more relevant property data are available. Data of this type 
can be found in references 38, 47 , and 41. 

Some of the more important property data on liquid fuels have been 
summarized in table 16. Plots of these data are shown in figures 21 to 23. 
Although different boiling ranges of the fuels are shown in table 16, all 
the data available for each fuel are plotted, irrespective of the type of 
process or the type of distillate cut. Table 17 shows proposed 
specifications for typical coal-derived liquid fuels to be used in 
gas-turbine engines. 

Figure 21 shows the general trend of increasing wt % of hydrogen with 
increasing API gravity of the product, regardless of the process by which it 
was produced. Data for only one fuel were significantly different from the 
general trend. 

Figure 22 shows how the wt % of nitrogen varied with the wt % of 
hydrogen. As hydrogenation severity is increased in the fuel production 
process, the fuel-bound nitrogen is decreased, as would be expected, because 
some fuel-bound nitrogen is converted to ammonia (HH 3 ). The data for the 
ZnLl 2 Hydrocracking process (ref. 58), not plotted in figure 22 , showed 
nitrogen levels significantly lower than that of any other process-deri ved 
fuel at comparable hydrogen levels. In the hydrocracking process, the bonds 
between carbon and heteroatoms (U, N, and S) are usually broken resulting in 
a higher conversion to NH 3 and a lower nitrogen content in the product 
fuel. Nitrogen levels for the ZnCl 2 -deri ved fuels were from 0.0U18 to 
0.0019 wt % for hydrogen levels of 8.3 to 9.65 wt %. 

Figure 23 shows how heat of combustion for liquid fuels varies with 
wt /o of hydrogen for those few fuels for which such data were reported. 
Again, the trend is independent of the processing type. 
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COAL GASIFICATION PROCESSES 

The primary purpose of gasification processes is to provide clean fuels 
in gaseous form that will meet existing emission standards. These processes 
are based on thermal decomposition of coal and gasification or combustion of 
the resulting char. The products of gasification are classified as low- and 
intermediate-Btu gases. Low-Btu gas (heating value below iiOO Btu/scf) is 
made by gasifying coal with air and steam. Four major concepts for coal 
gasification have been developed: fixed bed, fluidized bed, entrained flow, 
and underground gasification. The technology for coal gasification is 
reviewed in detail in reference 62. 

Fixed Bed 

In fixed-bed gasifiers, coal is fed into the top of the gasifier and 
moves slowly downward in a bed through which air or oxygen flows upward. 

The countercurrent contact permits both the coal and gaseous reactants to be 
preheated before gasification, thus increasing the overall thermal 
efficiency. Relatively long residence time of the fuel in the reaction 
vessel permits high carbon conversion. The long residence time reduces 
gasification rates, but because ofhigher carbon conversions, thermal 
efficiencies are high (ref. 63). hixed-bed gasifiers have certain 
disadvantages, mainly the softening, thickening, and swelling behavior of 
certain bituminous coals in the upper region of the bed can cause serious 
problems with solids caking and gas channeling (ref. 62). 

The Lurgi gasification process was developed by Lurgi Mineratoltechnik 
of West Germany to make synthesis gas from noncaking coals in a gasifier 
blown with steam and oxygen. A schematic configuration of the process is 
shown in figure 24. 

Five Lurgi gasifiers began operation in a SteinkolenElektriziat AG 
plant in Lunen, West Germany in 1972. This plant uses steam, air, and coal 
to produce 160 MM scfd of low-Btu gas for a combined cycle generating 
plant. The plant was still operational in the late 1970' s. Continental Oil 
Company was awarded a contract to design, construct and operate a 250 MM 
scfd in Montgomery, Illinois. This plant uses a modified Lurgi process 
followed by methanation to produce pipeline quality gas (refs. 64 and 65). 

Fluidized Bed 

In f luidized-bed gasification, the particle size is much smaller than 
in fixed-bed operation and the gas is passed up through the bed with a 
velocity high enough to fluidize the particles. Fluidized-bed gasifiers 
have more carryover of solids than fixed-bed gasifiers, which can lead to 
fuel loss and make solids removal more difficult. They also have less soot 
and tar production which facilitates gas cleanup and lower gas heating 
values due to smaller yield of hydrocarbon gases. Fluidized-bed gasifiers 
can use a wide range of coals but some pretreatment may be necessary for 
caking coals that can agglomerate in the bed and lead to loss in 
fluidization. This pretreatment usually consists of mild oxidation with 
oxygen or air. 

Fluidized-bed gasification processes included in this survey are: 
Synthane, Exxon, U-Gas, Westinghouse, and CO 2 Acceptor processes. 

Synthane. - The Synthane process (refs. 62, 18, 65) was developed by 
the U.S. Bureau of Mines for the production of pipeline quality gas. This 
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process uses a two-zone gasifier consisting of a dense fluid bed in the top 
section and a dilute fluid bed in the bottom section. Steam and oxygen are 
injected at the bottom of the gasifier to fluidize and gasify the coal. The 
synthesis gas exits from the top of the gasifier and goes to a water-gas 
shift reactor followed by catalytic methanation. A schematic of the process 
is shown in figure 25. 

A 72 ton/day pilot plant has been constructed at Bruceton, Pennsylvania 
for the study of pipeline gas production using steam and oxygen in the 
gasifier followed by catalytic methanation. Testing of the plant began 
early in 1976. 

Exxon . - The Exxon Catalytic Gasification process was developed by the 
Exxon Research and Engineering Co. to produce intermediate-Btu gas from 
coal. This process uses alkali metal gasification catalysts to increase the 
rate of steam gasification. The synthesis gas produced is recycled to the 
gasifier so that the only net products are CH4, CO2, and small 
quantities of H2S and NH3. The product composition closely approaches 
that of gas-phase methanation equilibrium. The resulting overall 
gasification reaction is Coal + H2O -*• CH4 + CO2. A schematic of the 
process is shown in figure 26. 

A 0.5 ton/day integrated PDU at Baytown, Texas has been operated by 
Exxon for several years (ref. 66). 

U-6as . - The U-Gas process, developed by the Institute of Gas 
Technology (IGT), is used to produce low- or intermediate-Btu gas from coals 
of any rank. Coal overflows into the f luidized-bed gasifier where it reacts 
with steam and air (or oxygen) at about 1040° C. As carbon is gasified at 
the top of the gasifier, ash agglomerates grow at the bottom. When they 
become heavy enough, the agglomerates fall countercurrent to the high 
velocity gas and are separated from the bed. The dust is removed from the 
product gas and the gas is subsequently desulfurized. A schematic 
configuration of the U-Gas process is shown in figure 27. 

Westinghouse . - The Westinghouse process is designed to operate in 
conjunction with a combined cycle power plant. Coal is dried and sent to a 
f luidized-bed reactor where devolatilization, desulfurization with added 
lime, and hydrogasification take place. The reactor operates at 700 to 
930° C and 20 to 30 atm. The coal is diluted with large quantities of 
recycled solids (char and lime sorbent) which control the agglomeration of 
coal. The devolatilized char is further gasified in a fluidized bed in 
which char is burned with air to provide gasification heat. After removing 
the particulates, the clean fuel gas goes to a turbine plant. A schematic 
diagram of the process is shown in figure 28. 

CO2 acceptor. - The CO2 acceptor process (ref. 67) was developed by 
Conoco Coal Development Co. to process western coals into pipeline gas. 

This process uses two f luidized-bed reactors (a gasifier bed with steam and 
a regenerator fed with air) and a circulating lime bearing material called 
the acceptor which is fed initially as limestone or dolomite. Coal is 
initially gasified by the reactions: 

C + H20(g) CO + H2 
and 

2C + H20(g) CH4 + CO 

Carbon is formed by the water-gas shift reaction: 

CO + H20(g) ♦ CO2 H2« 
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The three reactions mentioned above are endothermic. The required heat of 
reaction is supplied by the CO 2 acceptor reaction: 

CaO + CO 2 CaC 03 . 

The limestone is calcined in the regenerator and recycled to the gasifier. 

A schematic of the CO 2 acceptor process is shown in figure and the two 
f luidized-bed reactor system is shown in figure 30. 

A 40 ton/day pilot plant has been operated by Conoco Coal Development 
with DOE support, at Rapid City, South Dakota since 1972 (ref. 68). 

Entrained Flow 

In entrained-f low gasifiers (ref. 69), pulverized coal is carried 
through the gasifier in concurrent flow by a mixture of air (or oxygen and 
steam). The reactants are usually premixed and fed to the gasifiers through 
burners or nozzles. Since the flow is concurrent, the reaction rate 
decreases as the particles pass through the reactor and high temperatures 
are required to achieve necessary conversion with a reasonable reactor 
size. High exit temperatures make it necessary to use a heat recovery 
system. 

The main advantages of entrained flow gasifiers are; 

(a) They can use all types of coal since there is little or no 
agglomeration 

(b) Reaction rate is much higher and, because of particle size, coal 
throughput per unit volume of gasifier is higher than in fixed 
beds or fluidized beds 

(c) There is little tar production in steam-air or steam-oxygen systems 

The main disadvantages are: large carryover of fine particles, short 

refractory life and unreliable coal feeding, and the need for a heat 
recovery system. 

Entrained-f low gasification processes include Bi-Gas, Combustion 
Engineering, and Koppers-Totzek processes. 

Bi-Gas . - The Bi-Gas process, developed by Bituminous Coal Research 
(BCR), uses a vertical-axis, two-stage gasifier that operates at b8 to 102 
atm (1000 to 1500 psi) on coals of any rank (refs. 62 and 70). A schematic 
of the process is shown in figure 31. Coal and steam are fed to the upper 
reactor where they come in contact with synthesis gas from the lower section. 
Coal devolatilization and hydrogasification take place in this stage. The 
products gas and char exit in the gasifier overhead and are then separated. 
The char is returned to the bottom stage where it is contacted with steam 
and oxygen for fixed carbon gasification. 

A 120 ton/day pilot plant has been constructed at Homer City, 
Pennsylvania by BCR with DOE funding. This plant includes catalytic 
methanation of the synthesis gas. The development work is directed toward 
high-Btu gas production (ref. 71). 

Combustion engineering . - The Combustion Engineering process was 
developed by Combustion Engineering, Inc., with support from DOE and EPRl to 
convert coal into clean fuel gas for electric power generation (refs. 62 and 
72). This process is very similar to the Bi-bas process. It uses a 
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two-section, airblown gasifier operating at atmospheric pressure. Coal and 
recycle char are burned with air in the lower (combustion) section of the 
gasifier. Steam and coal are fed into the upper (reducing) section of the 
gasifier where they encounter hot gases leaving the combustion zone. Coal 
is devolatilized and gasified by reaction with steam. Raw gases are then 
scrubbed and desulfurized. A schematic of the process is shown in figure 32 . 

Koppers-Totzek . - The Koppers-Totzek process (refs. 18 and 62) was 
developed by Heinrich Koppers GmbH of West Germany. This process uses an 
oxygen-blown atmospheric pressure gasifier. Coal is suspended in a steam 
and oxygen stream and fed at atmospheric pressure to the gasifier where 
partial oxidation takes place. The high operating temperature minimizes the 
formation of organic compounds. The gas is then cleaned by conventional 
methods to remove the ash, CO 2 , and H 2 S. 

Underground Gasification 

Underground gasification (refs. 62, 73, and 74) is achieved by 
partially burning the coal in situ in the presence of steam-air or 
steam-oxygen mixtures introduced into the steam through boreholes or 
shafts. Underground gasification consists of the same basic steps 
(devolati 1 ization of coal to form char, reaction of char with steam and 
combustion of the remaining char) as other types of gasification. This 
process permits recovery of gas from coals that are technically or 
economically unattractive to recover by conventional mining techniques. 

The present U.S. program is being conducted primarily by DOE and 
includes the following concepts: longwall generator, linked verticle wells, 

and packed-bed reactor. 

Longwall generator . - The Longwall Generator concept, developed by the 
DOE Morgantown Energy Research Center (MERC), is specifically designed for 
use in thin seams of eastern bituminous coals (refs. 70, 75, and 76). The 
concept makes use of directionally drilled holes placed horizontally in the 
coal seam. Vertical holes are drilled to intersect the ends of the 
horizontal holes. In the linking phase, the coal is ignited along the 
length of the horizontal hole and reverse combustion is achieved by 
injection of oxygen or air in front of the combustion wave via a second 
parallel borehole. A simplified drawing of the Longwall Generator Concept 
is shown in figure 33. 

Linked vertical wells . - The Linked Vertical Wells (LVW) concept is 
being developed by DOE Laramie Energy Research Center (LERC) to gasify thick 
seams of subbituminous coals (refs. 75 and 76). The process is carried out 
in two stages. In the first stage, gasification paths are formed by means 
of high-pressure air injection between the vertical boreholes. This is 
followed by reverse combustion linkage between two adjacent boreholes. To 
accomplish linkage of the wells, a fire is ignited in the borehole from 
which product gas is to be withdrawn, and air is injected in the adjacent 
well. The combustion front moves toward the injection well advancing in the 
direction opposite to that of the gas flow (reverse gasification). Once 
linkage of the boreholes is completed, the second stage begins as the 
combustion front changes direction and proceeds along the channel formed 
during the reverse linkage step. Gasification now occurs in the same 
direction as the injection and gas flow. A simplified drawing of the LVW 
concept is shown in figure 34. 

Packed bed . - The Packed Bed concept, developed by Lawrence Livermore 
Laboratory, is intended for application in thick, subbituminous coal seams. 
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In this process, natural coal permeability is enhanced by explosive 
fracturing to create a well defined, permeable reaction zone. After the 
coal is fractured, wells are drilled to the bottom of the fractured zone 
around its perimeter. Process gas injection takes place through wells 
previously used for explosive fracturing. Gasification begins at the top 
and moves downward and outward (forward mode) toward the collection well. 
Essentially the gasification process takes place in an underground packed 
bed reactor. A simplified drawing of the Packed Bed concept is shown in 
figure 35. 

GASEOUS FUELS PROPERTY DATA 

The low-Btu gases proposed for use in ground-based power turbine 
systems would be produced by airblown gasifiers. As such, they will contain 
a large percentage (50 vol. %) of nitrogen, as well as some carbon-dioxide, 
neither of which contributes to the heating value of the gas mixture. The 
primary combustible gases from such a gasifier are hydrogen and carbon 
monoxide and a small amount of methane. To produce medium-Btu gases, 
oxygen-blown gasifiers (which will eliminate the nitrogen in the product) 
can be used or methanation of the synthesis gas can be incorporated into the 
process. 

The characterization data for the coal-derived gases have been 
tabulated on the syngas property form (table 18). Characterization data for 
gaseous fuels are presented in the following tables: 

(1) Data for low-Btu gas in table 19 

(2) Data from the Lurgi process in table 20 

(3) Data from the Koppers-Totzek process in table 21 

(4) Data from the Hygas process in table 22 

(5) Data from the Synthane process in table 23 

(6) Data from the Exxon Catalytic process in table 24 

(7) Data from the CO 2 acceptor process in table 25 

Figure 36 shows the relationship between gross heat of combustion and 
vol. % of inerts (N2> CO 2 ) in the gas. These data were obtained from 
tables 19 to 25. This relationship is not linear but can be roughly 
approximated for low-Btu gas as 

Gross heat of combustion = 466 - 5.48 (vol. % of inerts) Btu/scf 

Some of the references cited in table 19 give "typical" ranges of 
properties for these gases, rather than actual experimental data. In none 
of the references cited were there any data on the sulfur, alkali metals, or 
particulate contamination levels to be expected. These data would 
undoubtedly be controlled by the cleanup processes used, rather than by the 
gasifier type or the operating conditions. 
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University of North Dakota 

Foster Wheeler 

Bituminous Coal Research 

Atomics International 
Dow Chemical 

Combustion Engineering, Inc. 

Conoco Coal Development Co. 
Conoco Coal Development Co. 

Ralph M. Parsons Co. 


Process and/or title 

Solvent-Refined Coal (SRC) 
process 

Pilot Plant to Produce 
Low-Btu Gas from Coal 

Gas Generator Research and 
Development 

CutU 

Clean Coke Process 

Process Development for 
Solvent-Refined Lignite 
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Property 


Test 


Gravity, ®API (specific) 
Boiling range: 

Initial boiling point, °F 
5 % 

10 % 

20 % 

30 % 

40 % 

50 % 

60 % 

70 % 

60 % 

90 % 

95 % 

Final boiling point, °F 
Pour point, °F 
Flashpoint, °F 
Viscosity at °F 

at *^F 

at °F 

Ash, wt% 

Ash: melt temperature, °F 
Heat of combustion, Btu/lb 
Carbon residue 
Carbon ramsbottom, wt% 
Thermal stability 
Electrical conductivity 
Water 
Sediment 


ro 

00 


Neutrality 

Corroaion 


TABLE 1. - LIQUID-FUELS PROPERTY FORM 







ro 

<o 


Hydrocarbon type: 
Saturates 
Olefins 

Aromatics, total 
Aromatics, polynuclear 
Luminometer number 
Anallne point, °F 
H/C atom ratio 
ElemenUl analyses, wt%: 

C 

H 

N 

S 

O 

Trace metal analyses, ppm: 
V 


Nl 

Na 

K 

Mg 

Ca 

Pb 

Cu 

Fe 

Si 

Zn 

Ba 

Mn 

Mo 


Tl 


I 

TABLE 2. - SPECIFICATIONS FOR LIQUID FUELS USED IN ADVANCED GAS-TURBINE INDUSTRIAL ENGINES 

[Data from ref. 5.] 


Property 

Test 

Distillate t ategories 




Light 

distillate 

Heavy 

distillate 

Crude and 1 

blended 
residuals 

Heavy 

residuals 


IH 


Graviiy, ^API (specific) 

D-1298 

Report 

Report 

0.96 max. 

0.96 max. 





D-86 








LJUi ling 1 ■ 

Initial boiling point, 


















10 % 









-iu % 









;«) ‘T, 









■4(1 '4 









;>0 









00 









70 









MO % 









00 'Jl' 


650 max. 

Report 






0'> '^1 









Final boiling point, ‘^F 









1 . 0,- 
Pour ^X)int, r 

D-97 

U*-20*’below sub 

. Report 

Report 

Report ^ 




Flashixunl, °F 

D-93 

Report 

Report 

Report 

Report 




Viscosity at 100 1', cS, nio. 

D-445 

0.5 

1.8 

1.8 

1.8 




a t 1 00^ F, c S , max . 

D-A45 

5.8 

30 

160 

900 




at 210°^, cS, max. 

D-4A5 








/\sh, wt max. X 

D-A82 

0.0050 

0.0050 

Report 

Report 




/Vsh: melt temperature, 









Heat of combustion, I3tu/lb 









Carbon residue (lOX bottoms max.) 

D-52A 

0.25 







Carbon ramsbottom, wt% 

D-52A 

1.0 

1.0 

1.0 

Report 




Thermal stability (tube no., max.) 

D-1661 



2.0 

2.0 

2.0 




Kleclrical conductivity 









Water, vol. X max. 

D-95 

0.1 

0.1 

Report 

0.1 




Sediment 









Neutrality 









Corrosion 











Hydrocarbon type; 


Saturates 

Olefins 

Aromatics, total 
Aromatics, polynuclear 
Lumlnometer number 
AnaJine point, 

H/C atom ratio 
Elemental analyses, wt%: 

C 

H 

N 

S 

O 

Trace metal analyses, ppm: 
V (.ax.) 

Ni 


Na and K 











































TABLE 3. - TYPICAL PROPERTIES OF LIQUID FUELS 
[Data from ref. 27] 


Property 

Fuel type 


True dlatlUates 

Ash-bea 

ring fuels 


Kerosene 

No. 2 dieUIlate 

Blended realduala 
and crudes 

Heavy residuals 

Specific gravity at 100® F (38® C) 

0.70 - 0.83 

0.82 - 0.88 

0. 80 - 0. 92 

0.92 - 1.05 

Vlscoaity at 100® F (38® C), cS 

1.4- 2.2 

to 

o 

\ 

o 

2 - 100 

100 - 1800 

Flashpoint. ®F (®C) 

130 - 160 (55 - 70) 

150 - 200 (55 - 95) 

50 - 200 (10 - 95) 

175 - 265 (80 - 130) 

PourpolDt, ®F (®C) 

-50 (-45) 

-10 - 30 (-20 - 0) 

15- 110 (-10 - 45) 

15 - 95 (-10 - 35) 

Groaa heating valve, kcalAg 

10 700 - 10 950 

10 500 - 10 950 

10 500 - 10 900 

10 150 - 10 600 

(Btu/lb) 

(19 300 - 19 700) 

(19 000 - 19 600) 

(19 000 - 19 400) 

(18 300 - 18 900) 

Filterable dlrt» percent of maximum 

0.002 

0.005 

0.05 

0.2 

Carbon realdue, percent: 





10 Percent bottoma 

0.01 - 0. 1 

0. 03 - 0.3 



100 Percent bottoma 



0.3 - 3 

2-10 

Sulfur content, percent 

0.01 - 0.1 

0.1 - 0.8 

0.2 - 3 

0.5-4 

Nitrogen content, percent 

0.002 - 0.01 

0.005 - 0,06 

0.06 - 0.2 

0.05- 0.9 

Hydrogen content, percent 

12.8 - 14.5 

12.2 - 13.2 

12.0 - 13.2 

10 - 12.5 

Aah content, ppm: 





Fuel as delivered 

1 - 5 

2-50 

25 - 200 

100 - 1000 

Inhibited 





Trace- metal contaminants, ppm: 





Sodium plus potaaaium 

0-0.5 

0-1 

1 - 100 

1 - 350 

Vanadium 

0-0.1 

0-0.1 

0. 1 - 80 

5 - 400 

Lead 

0-0.5 

0-1 

0-1 

0 — 25 

Calcium 

0 - 1 

0-2 

0-10 

0-50 




TABLE 4. - TYPICAL PRODUCT COMPOSITION 
FROM SOLVENT-REFINED-COAL PROCESS 


Component 

Raw coal 

SRC product 


Typical analysis, wt % 

Carbon 

70.7 

88.2 

Hydrogen 

4.7 

5.2 

Nitrogen 

1.1 

1.5 

Sulfur 

3.4 

1.2 

Oxygen 

10.3 

3.4 

Ash 

7.1 

.5 

Moisture 

2.7 

0 


100.0 

100.0 

Volatile matter 


Hgi 

Fixed carbon 



Ash 

pM 

.5 

Moisture 


0 


100.0 

100.0 

HeaUng value, Btu/lb 

12 821 

15 768 


33 

















Hydrocarbon type: 
Saturates 


JMlX 


Olefins 

Aromatics, total 
Aromatics, polynuclear 



7Q.3 

1.1 



28.6 




Luminometer number 




vVialine point, °F 




H/C atom ratio 




Klemental analyses, wt%: 
C 
H 
N 
S 

o 





87.6 



7.4 



0.81 

0.111 


0.47 

0.18 


1.93 


Trace metal analyses, ppm: 
V 
Ni 
Na 
K 

Mr 

Ca 

Pb 

Cu 

Fe 

Si 

Zn 

Ba 

Mn 

Mo 

W 

Ti 






0.2 



0.2 





















0.5 













































CO 

CTk 


TABLE 5. - Continued. 

(b) H-Coal liquids; data from letter of Feb. 18. 1977, to Lloyd I- Shore, ^ Research Center, 
' ' from 6. R. Fox, General Electric Research and Development Center 


Gravity, °API (specific) 


Properly 


Boiling range; 

InlUal boiling point. 

5% 

10 % 

20 % 

JO % 

40 % 

50 % 

60 % 

70 % 

«0 % 

90 % 

95% 

Final boiling point, ^F 


Pour point. F 


Flashpoint, F 


Viscosity at 

lOo'^F. 

kin . 

at 

12^F, 

kin. 

at 

21(^‘t'. 

kin . 


.\sh, wt% 


Ash: melt temperature, °F 


Heal of combustion, Btu/lb 


Carbon residue, wtZ 


Carbon ramsbotLom, wt% 


Thermal stability, 350*F, 6 hr 


h'leclrical conductivity 


Water, percent 


Sediment 


Neutrality 


Test 


Usiillate categories 


Light 

distillate 

(LO-308) 


Residual oil 
(400*P+; 
LO-347) 


19.0 


282 


364 


396 


418 

440 


458 


506 


540 


570 


2.0 


358 


_ 446 - 


Heavy 

distillate 

(LO-317-1) 


620 


. 


490 


536 


582 


620 


640 


650 


Cracked 


662 


674 


688 


702 


Cracked 


1.0 


ail ■ 




100 


Poor St. "3 


375- 


177/179 


67 


7,2 


270/292 


2.2 


,k. St. -1.5 


n,n 


Corrosion 








Hydrocarbon type: 
Saturates 


OJ 


Olefins 

Aromatics, total 
Aromatics, polynuclear 
Luminometer number 
Analine point, 

H/C atom ratio 
L'lemental analyses, wt%: 

C 

H 

N 

S 

O 

Trace metal analyses, ppm: 
V 
Ni 
Na 
K 

Mg 

Ca 

Pb 

Cu 

Fe 

Si 

Zn 

Ba 

Mn 

Mo 

W 

Ti 

A1 






















TABLE 5. - Continued. 

(c) H-Coal from Illinois #6 coal; data from ref. 36. 


Properly 


Dislillati* categories 




Final boiling point, * 


Pour point. 


I lashpoint, 


Viscosity at r 

at ®F 

at ®l 

.Vsh, wl‘|. 

.Ash; melt temperature, 
Heal of combustion, Htu/lb 
Carbon residue 
Carbon ramsbottom, wt% 
ITjerinal stability 
Kleclricai conductivity 


Water 


Sediment 


Neutrality 


Corrosion 
























Hydrocarbon type: 
Saturates 
Olefins 

Aromatics, total 
Aromatics, polynuclear 
Lumlnometer number 
.\naline point, °F 
II, C atom ratio 
Klemcntal analyses, wt^: 


C 86.4 88.0 


12.9 11.2 


0.047 0.044 


0.26 0.17 


O 0.039 0.058 


Trace metal analyses, ppm: 

V 

Ni 

GO 

yO Na 

K 

Mg 

Ca 

Pb 

Cu 

Fe 

Si 

'/n 

Ba 

Mn 

Mo 

W 

Ti 























TABLE 5. - Continued 


(d) H-Coal residue from Illinois #6 coal {hydroclone bottoms); data from memo for record by 
John S. Clark, NASA Lewis Research Center, July 19, 1977 


Properly 

Test 

Distillate categories 








Gravity, °API (specific) 


-7.5 







Boiling range: 

liutial boiling point, 
5% 

10 % 

20 % 

30 % 

40 % 

‘M) % 

GO % 

70 % 

H0% 

‘JO % 

95 % 

Fjnal toiling point, 










400 







































































































Pour point, °F 


115 







Flashpoint, °F 


350 







Viscosity at 20CpF, cP 


465 







at 30(fF, cP 


22.5 







at ^OC^F, cP 


5.0 




1 



/\sh, wt% 









Ash: melt temperature, °F 




fp#»H 





Heat of combustion, 6tu/lb Higher 


16 700 

IBHHI 






Carbon resictue, wtZ 


32.8 







Carbon ramsbottom, wt% 









Thermal stability (unstable above-) 


200*F 







Electrical conductivity, ohaa/cn 


).5 X 10^ 







Water 


None 







Sediment 









Neutrality 









Corrosion 





























TABLE 5. - Continued. 

(e) H-Coal hydroclone underflow; data from ref. 31. 


Property 

Test 

Distillate categories 

HyJroclone 

underflow 

(#3296-87) 

Hydroclone 

underflow 

filtrate 

(#3296-153) 






Gravity, °API (specific) 


-16.5(1.2307) 

IHRHMI 

!■■■ 





Bolling range: 

Initial boiling point, 
5% 

10 % 

20 % 

30 % 

40 % 

50 % 

60 % 

70 % 

80 % 

00 % 

95 % 

Final bolting point, ®F 

D-1160 









466 

493 







533 

538 







560 

567 







615 

621 







690 

680 







770 

752 







876 

822 








910 














































Pour point. °F (Softening point) 


172 

240 






F'lashpoint, 









Visiosity at 25 oPf, SFS 


307.3 

161.4 






at 300° F, SFS 



154.1 






at °F 









A.sh, wt% 









/Viih: melt temperature, °F 









Heal of combustion, Btu/lb 









C a ri)on residue (Conradson) , wtZ 


39.43 

33.2 






Carbon ramsbottom, wt% 









Thermal stability 









Kleclrieal condu( tivity 









Water 









Sediment 









Neutrality 









Corrosion 




































Hydrocarbon type; 
Saturates 


U> 


Olefins 

Aromatics, total 
Aromatics, polynuclear 
Lumlnometer number 
Anallne point, 

H/C atom ratio 
Elemental analyses, wt%: 

C 

H 

N 

S 

O 

Trace metal analyses, ppm: 
V 
Ni 
Na 
K 

Mg 

Ca 

Pb 

Cu 

Fc 

SI 

Zn 

Ba 

Mn 

Mo 

W 

Tl 

A1 



















TABLE 5. - Continued 


(f) H-Coal fuel oil mode, from Illinois #6 coal; data from ref. 37. 


Property 

Test 

Distillate categories® 

Total 

overhead 

<203*C(397*F) ; 
35.6 percent 

>203*C(397*F) ; 
63. 7 percent 





Gravity, ®API (specific) 


19.8 (0.935) 

32.3 (0.864) 

13.0(0.979) 





Boiling range: 

Initial boiling point, 
5% 

10 % 

20 % 

30 % 

40 % 

50 % 

60 % 

70 % 

HO % 

90 % 

95 % 

Final boiling point. °F 

















ERDA 

144 

144 

397 























— 























































687 

39 7 

687 













Pour point, °F 


^5 

<5 

<5 





Flashpoint, ^F 









Viscosity at 77 ^F, SUS 

at 100 °F. SUS 

at 100 Op . cS 


38 








35 (2.4cS) 







D-A45 


1.08 

3.87 





.Vsh, wt% 









Ash: melt temperature, ®F 









Heat of combustion, Btu/lb 









Carbon residue (Conradson) , wt2 

524 

0.8 

0 

2.33 





Carbon ramsbottom, wt% 









Thermal stability 









Flectrical conductivity 









Water 









Sediment 









Neutrality 









Corrosion 








































distillate* 27.9 percent of crude 





















T ABLE 5. - Continued- 

(g) H-Coal syncrude mode, from Illinois #6 coal; data from ref. 37. 


Properly 

Test 

Uslillate categories^ 

Total 

overhead 

<197*C(387"fTT 
35.6 WtX 

>197'’C(387'P) ; 
65.3 WtX 





Gravity, ®API (specific) 


17.0(0.9S3) 

34.7(0.838) 

6.6(1.025) 





Boiling range: 

Initial boiling point, 
a'K 
10 % 

20 % 
ju X 
40 % 

;>0 X 

(iO % 

70 '1 
SOX 
00 % 

<Jj% 

F inal boiling |K)int, 










138 

138 

387 





EHDA 








rout ine 

































































795 

















387 

795 





Pour point, ° F 


<5 

<5 

<5 





Flashpoint, *^F 









Viscosity at 77 °F, SUS 

at 100 °F, SUS 

at 100 ®F, cS 


59 








46 


77 





D-443 

6.1 

0.96 

14.9 





/\sh, wtX 









/Vsh: melt temperature, ^F 









Heat of combustion, Btu/lb 









Carbon resuiue (Conradson), wtZ 


2.3 







Carbon ramsboltom, wtX 









I'hermal stability 









Flectrical conductivity 









Water 









Sediment 


1 







Neutrality 









Corrosion 





1 












TABLE 5. - Continued. 


(h) H-Coal syncrude mode, from Illinois #6 coal; data from meeting handout, Paul H. Kydd 
of General Electric, Schenectady, N.Y., Oan. 9, 1976. 


Property 


Gravity. ^ API (specific) 
Boiling range: 

Initial boiling point, °F 
5 % 

10 % 

20 % 

30 % 

40 % 

50 % 

60 % 

70 % 

80 % 

90 % 

95 % 

Final boiling point, °F 
Pour point. ^F 


r lashpoint 





/bih, wl% 


Ash: melt temperature, ° 


Heat of combustion. Btu/lb 


Carbon residue 


Carbon ramsbottom. wt% 


Thermal stability 


Flectrical conductivity 


Water 


Sediment 


Neutrality 


Corrosion 


Distillate categories 

Total crude I 180* - 3d0*F I 380* - 650*F I 650* - 975*F 


6.4 

38.6 

14.0 

-2.3 





lao 

180 

372 

639 


226 

420 

652 


248 

440 

670 


264 

474 

728 


280 

500 

737 


292 

510 

758 


306 

530 

799 


318 

342 

823 


330 

568 

840 


338 

593 

868 


364 

616 

932 


386 

670 

969 

975 

445 

680 

975 

-s 


-100 

66 





































































































^Total of 52 trace elepenta listed In reference. Trace elements In filter cake also listed In reference 





















TABLE 5. - Continued. 

(k) H*Coal; data from ref. 39 


Property 

Test 

Distillate categories 

Total 

Inltlal/375*F 

375* - 650*F 

650* - 975*F 




Gravity, °API specific) 









Boiling range: 

Initial boiling point. 

5% 

10 % 

20 % 

30% 

40 % 

50 % 

60 % 

70 % 

80 % 

90 % 

95 % 

Final boiling point. ®F 












375 

650 





























































































975 

375 

650 

975 




Pour point. ^F 









Flashpoint, 









Viscoaily at *^F 

at ®F 

at ®F 

1 












1 . - - 












/Vsh, wt% 









Ash: melt temperature, °F 









Heat of combustion, Btu/lb 









Carton residue 









Carbon ramsbottom, wl% 









Thermal stability 









Fleet rical conductivity 









Water 









Sediment 









Neutrality 









Corrosion 



























Hydrocarbon type: 
Saturates 


Olefins 

Aromatics, total 
Aromatics, polynuclear 













Lumlnomctcr number 




/\naline point, 




H/C atom ratio 




Klemental analyses, wt%; 
C 
H 
N 
S 
O 





87.3 

84.5 


H.9 

13.6 


0.1 

0.1 


0.1 

0.1 


0.6 

1.7 

Trace metal analyses, ppm: 
V 
Ni 
Na 
K 

Mg 

Ca 

Pb 

Cu 

Fe 

SI 

Zn 

Ha 

Mn 

Mo 

W 

Ti 
















































1 




























































Property 


cn 

00 


Gravity. ®API (specific) 
Bolling range: 

Initial boiling point, 

5 % 

10 % 

20 % 

30 % 

40 % 

50 % 

60 % 

70 % 

80 % 

90 % 

95 % 

Final boiling point. ®F 
Pour point, °F 
Flashpoint, *^F 
Viacosity at ®F 

at °F 

at ®F 

Ash, wt% 

Ash: melt temperature, ®F 
Heat of combustion. Btu/lb 
Carbon residue 
Carbon ramsbottom. wt% 
Thermal stability 
Electrical conductivity 
WateT 


Sediment 

Neutrality 

Corrosion 
































































TABLE 5. - Continued. 

(n) H-'Coal Burning Star (fuel oil mode); data from ref. 41 


Properly 

Test 

Distillate categories 

Atioosphere 

overhead 

(76D-920) 

Atmosphere 

overhead 

(760-921) 

Atmosphere 
hoc toms 
(76D-922) 





Gravity, °API (specific) 









Boiling range: 

Initial boiling point, 
5% 

10 % 

20 % 

JO % 

40 X 
50 % 

60 % 

70 % 

MO % 

00 % 

95 % 

Final boiling point, 










26 

20 

315 






160 

170 

369 






175 

186 

391 






211 

213 

430 






262 

264 

457 






302 

300 

486 






336 

332 

516 






363 

358 

549 






390 

390 

581 






409 

409 

629 






446 

447 

694 






474 

475 

740 






746 

548 

851 





Pour point, 









Flashpoint, ^F 



1 


1 




Viscosity at °F 

at *^F 

at *"F 

























.\sh, wt% 









/\sh: melt temperature, °F 









Heat of combustion, Btu/lb 









Carbon residue 









Carbon ramsbottom, wl% 









lliermal stability 









Flectrical conductivity 









Water 









Sediment 

1 

! 




J 




Neutrality 









Corrosion 


































ro 


TABLE 5. - Continued. 

[o) H-Coal Burning Star and Wyodak (syncrude mode); data from ref. 41 


Property 


Gravity, °API (specific) 


Boiling range: 

Initial boiling point. 
5% 

10 % 

^0 % 

:» % 

40 % 

50 % 

60 % 

70 % 

80 % 

90 % 

95 % 

Final boiling point, °F 


Pour point, °F 


Flashpoint, 


Viscosity at °F 

at °F 

at ®F 


/Vsh, wt% 


Ash: melt temperature, ^ 


Heal of combustion, Utu/lb 


Cartxin residue 


Carbon ramsbotlom, wl 


Thermal stability 


Klectrical conductivity 


Water 


Sediment 


Nt*u!rality 


Corrosion 


Distillate categories 


Wyodak 

Kumlng Star 

Burning Star 

atnosphere 

atooaphere 

atnospherc 

overhead 

overhead 

bottona 

(760-1033) 

(76D-3019) 

(76D-2031/3021) 








































































Property 


Gravity, ®API (specific) 

Bolling range: 

Initial boiling point, 
5% 

10 % 

20 % 

30 % 

40 % 

50% 

60 % 

70 % 

60 % 

90 % 

95 % 

Final boiling point, 

Pour point, °F 

Flajshpoint, ®F 

Viscosity at ®F 

at °F 

at °F 

Ash, wt% 

Ash: melt temperature, °F 

Heat of combustion, Btu/lb 

Carbon residue 

Carbon ramsbottom, wt% 

Thermal stability 

Electrical conductivity 

Water 

Sediment 

Neutrality 

Corrosion 



























































*®*P®*^^ Include* tabulated data on percent S and N In products froa many hydrogenation runs. Haximui hydrogenation preaaure was only 1500 pal 
so S and N reduction* were not large. Typical percent reductions are (a) at 1.5 hr'^: max. N reduction, 23 percent; max. S reduction. 

74 percent; (b) at 3 hr max. N reduction, 44 percent; max. S reduction, 98 percent. 














TABLE 6* - Continued, 


(c) Synthoil (filtered, centrifuged, and upgraded disti llate);data from ref . 31 
































































cl 






















TABLE 6 


Continued 


(d) Synthoil from West Virginia coal; data from ref. 44. 






















(e) Synthoil I 





Ci 


rroaion 


TABLE 6. - Continued, 


West Kentucky bituminous coal (5.3 percent sulfur); data from ref. 45(b). 


Test Distillate categories 



4000’ psl. 
430* C 
process 
condlcloas 




















































Hydrocarbon type: 
Saturates 
Olefins 

Aroniatit s, total 
Aromatics, polviuicU'ar 









































Luniinometer number 









■Alkaline point, 









II . C atom ratio 









Klenienlal analyses, 
C 
II 
N 
S 

o 










80.3 








7. 72 








1 . 203 








1.037 















Trace metal analyses, ppm: 
V 
Ni 
Na 
K 

Mg 

Ca 

Pb 

Cu 

Fe 

Si 

Zn 

Ua 

Mn 

Mo 

W 

Ti 














































































































































































^Results of hydrogenation runs at 300* 1000* and 1300 psl and 630°* 700°* and 800° F with CO-Mo catalyst. Max. N renoval* 23 percent; Max. S renuival, 
43 percent. No data on products In this report. 




Flashpoint, 


Viscosity at 80'' F , cS 

at 100° F , cS 

at 210°F , cS 

.\sh, wt% 

.Ash: melt temperature, *^1 
Heal of combustion. Btu/lb 


2132 at 175’ 



Carbon ramsbottom, wt*! 


Thermal stability 


L'lectrical conductivity 


Water ^ 




Sediment J 

[ Combined 


0.05 

Neutrality 

D-664 

0.36 


Corrosion 
























Data on other cuts elso contained In reference. 













Property 


00 


Gravity, °API (specific) 


Boiling range: 

Initial boiling point, 

S% 

10 % 

20 % 

'JO % 

•10 % 

50% 

60 % 

70 % 

« 0 % 

00 

95 % 

Final boiling point, 


Pour point, *^F 


Flashpoint, F 


Viscosity at lOO^F, cS 

at 210^F. cS 

at °F 


Ash, wt% 


<Vsh: melt temperature, °F 


Heat of combustion, Btu/lb 


Carbon residue (Conradson) , wtZ 


Carbon ramsbottom, wl% 


Ihcrmal stability 


Fleclrical conductivity 


Water 


Sediment 


Conblned, volZ 


Neutrality 


Corrosion 


TABLE 6. - Continued. 

(g) Synthoil (sample J-7992); data from ref. 38 



12 























Hydrocarbon type 


Saturates 

Olefins 

Aromatics, total 
Aromatics, polynuclear 
Luminometer number 
Analine point, 

H/C atom ratio 
Elemental analyses. wl%: 

C 

H 

N 

S 

O 

Trace metal analyses, ppm: 
V 
Ni 

^ Na 

K 

Mp 

Ca 

Pb 

Cu 

Ke 

Si 

'/n 

Ha 

Mh 

Mo 

W 

Ti 


Al 












TABLE 6 


Continued 


CO 

o 


(h) Synthoil (evaluated in T63 combustor); data from ref . 47. 


Property 

Test 

UsUllate categories 




Synthoil 







Gravity, °APt (specific) 


4.0 







Bolling range: 

Initial boiling point, 









r> % 
10 % 










409 







20 % 









:w % 

40 % 

50% 
tk) % 

70 % 

HO % 

Hii % 

9i% 

Finjl boiling |>oint, ^1 


















580 

































780 


















L 





Pour (>oint, 


20 


1 





Flashpoint . 









Viscosity at 100^ F, cS 

at °F 

at ^F 


143.5 







1 
















.\sh. wt% 


0.26 







/Vsh: melt temperature, ^F 









heat of eombustion, Htu/lb 


1 7 245 







Carbon reslchje 


10.2 







Carbon ramsbottom, wt% 









■ ITiermal stability 









Flectrlcal conductivity 









Water 









Sediment 









Neutrality 










Corrosion 















Property 


00 

r>o 


Gravity* ®API (specific) 

Boiling range: 

Initial boiling point, 

5% 

10 % 

20 % 

30 % 

40% 

50 % 

60 % 

70% 

60 % 

90 % 

95 % 

Final boiling point, *^F 
Pour point, °F 
Flashpoint. °F 
Viscosity at 21 ®F, cS 
at °F 

at ®F 

Ash, wt% 

Ash: melt temperature, °F 
Heat of combustion, Btu/lb 
Carbon residue (Conrsdaon), wtZ 
Carbon ramsbottom. wt% 

Thermal stability 
Electrical conductivity 
Water 


Sediment 

Neutrality 

Corrosion 


TABLE 6. - Continued. 

(i) H-Coal; data from ref. 38 






































Hydrocarbon type: 
Saturates 


00 

Co 


Olefins 

Aromatics, totsl 
Aromatics, polynuclear 
Lumlnomcter number 
Anallne point, °F 
H/C atom ratio 
Elemental analyses, wt%: 

C 

H 

N 

S 

O 

Trace metal analyses, ppm: 
V 
Ni 
Na 
K 

Mg 
Ca 
Pb 
Cu 
Fe 
Si 
Zn 
Ba 
Mn 
Mo 
W 
Ti 
A1 
























TABLE 6 


Cont inued 


00 

4 ^ 


(j) H-Coal hydroclone bottoms filtrate; data from memo for record by Theodore S. 
Mroz, NASA Lewis Research Center, Feb. 26, 1976^ 


Properly 

Test 

Distillate categories 

Illinois Geologic Institute 

General 

Electric 

Weat Inghouse 

AfAPL 

NASA 

Gravity, °API (specific) 









Bolling range: 

Initial boiling point, 
5% 

10 % 

20 % 

JO % 

40 % 

50 % 

60 % 

70 % 

80 % 

90 % 

95 % 

Final boiling point, °F 

















































































































Pour point, °F 









Flashpoint, °F 









Viscosity at ^F 

at °F 

°F 

























Ash, wt% 









Ash: melt temperature, 









Heat of combustion, Btu/lb 









Carbon residue 









Carbon ramsbottom, wt% 1 









Thermal stability 


1 







Flectrical conductivity 









Water 









Sediment 









Neutrality 









Corrosion 

























Total of 52 trace eleiaenta listed In reference. Trace elements in filter cake also listed In reference 












































Hydrocarbon type: 
Saturates 


Olefins 

ArDmaUc-8» total 
Aromatics, polynuclear 






Trace metal analyses, ppm: 
V 
Ni 
Na 
K 

Mg 

Ca 

Pb 

Cu 

Fe 

Si 

Zn 

Ha 

Mn 

Xfo 

W 


Ti 







Property 


Gravity. ^API (specific) 


Bolling range: 

Initial boiling point. 
5 % 

10 % 

20 % 

30 % 

40 % 

50 % 

60 % 

70 % 

80 % 

90 % 

95 % 

Final bolting point. ^F 


Pour point. °F 


Flashpoint. °F 


vUcoaity at 


TABLE 7. - FUEL DATA FROM SOLVENT -REFINED COAL PROCESS 
(a) SRC products from Kentucky high-sulfur bituminous coals; data from ref. 49 


Distillate categories 


Solvent'^ 

Light 

Wash 

Process 

refined 

oil 

solvent 

solvent 

coal 





Ash. wt% 


Ash: melt temperature. °F 


Heat of combustion. Btu/lb 


Carbon residue 


Carbon ramsbottom. wt% 


Tliermal stability 


Electrical conductivity 


Water 


Sediment 


Neutrality 


Corrosion 



































TABLE 7. - Continued 


(b) SRC products from Illinois #6 coal; data from ref. 21(b). 


Property 

Test 

Distillate categories 

92 MB-1 

92 MB>2 

93 MB-1 

93 MB>2 




Gravity, ^APl (specific) 









Bolling range: 

Initial boiling point, 
5% 

10 % 

20 % 

30 % 

40 % 

50 % 

60 % 

70 % 

80% 

90 % 

95% 

Final boiling point, ^F 

















































































































Pour point, **F 









Flashpoint, ^F 









Viscosity at ®F 

at ®F 

at ®F 




1 





















Ash, wt% 


0.19 

0.31 

0.39 

0-25 




Ash: melt temperature, ®F (sue nelt tenp. 


312 

367 

327 

354 




Heat of combustion, Btu/lb (unapec.) 


15 719 

15 733 

15 857 

15 673 




Carbon residue 









Carbon ramsbottom, wt% 









Thermal stability 









Electrical conductivity 









Water 









Sediment 









Neutrality 









Corrosion 






























Hydrocarbon type: 
Saturates 


Olefins 

Aromatics, total 
Aromatics, polynuclear 






— 



















Luminometer number 









Anallne point, 









H/C atom ratio 









Elemental analyses, wt%: 
C 
H 
N 
S 

o 










87.12 

ft7.4J> 

HA o 

St 





6.56 

6.12 

5.62 

5.45 





1.87 

1.89 

1.91 

1.95 





1,07 

0.88 

1.10 

1.09 





3.19 

3.32 

9.36 

4.97 




Trace metal analyses, ppm: 
V 
Ni 
Na 
K 

Mg 

Ca 

Pb 

Cu 

Fe 

SI 

Zn 

Ba 

Mn 

Mo 

W 

T1 














































































































































































Con«ld«i.ble d>t< on ntmu* throughout the pilot plmt. Houever, It In not apparent which are product output atreaaa and which are Internal atreaaa only 
Other than the SRC products contained on this sheet. 




















Property 


TABLE 7. - Continued. 

(c) SRC-II (typical properties from West Kentucky coals with 4 percent sulfur 
and 2 percent nitrogen); data from refs. 50 and 51. 

I Test I Distillate categories 


Gravity, ®API (specific) 


Bolling range: 

Initial boiling point, 

5 % 

10 % 

20 % 

X % 

40 % 

,50 % 

60 % 

70 % 

80 % 

90 % 

95% 

Final boiling point, °F 


Pour point, °F 


Flashpoint, °F 


Viscosity at SUS 

at *^F 

at 


Ash, wt% 


Ash: melt temperature, °F 


Heat of combustion, Btu/lb (higher) 


Carbon residue 


Carbon ramsbottom, wt% 


Thermal stability 


Flectrlcul conductivity 


Water 


Sediment 


Neutrality 


Corrosion 


Site solid 

Light 

distillate 

Distillate 
fuel oil 

-18.3 

39. 

5.0 






























Hydrocarbon type: 
Saturates 
Olefins 

Aromatics, total 
Aromatics, polynuclear 
Lumlnometer number 
Anallne point. °F 
H/C atom ratio 
Elemental analyses. wt9o: 

C 

H 

N 

S 

O 

Trace metal analyses, ppm: 
V 
Ni 

OJ Na 

K 

Mg 

Ca 

Pb 

Cu 

Fe 

SI 

Zn 

Ba 

Mn 

Mo 

W 

T1 











TABLE 7. - Continued 


(d) SRC (filtered and upgraded); data from ref. 31. 


Property 

Test 

Uatillate categories 




Filtered SRC* 

b 

SRC filtrate 

Upgraded SRC^ 





GrftvUy. ®API (specific) 


-5.8 (1.1257) 

2.5 (1.0560) 

9.6 (1.0028) 





Dolling range: 

Initial boiling point, 
5% 

10 % 

20 % 

30 % 

40% 

50 % 

60 % 

70% 

MO % 

90 % 

95% 

Final boiling point, °F 










— 

«00 

385 

433 







520 

428 

555 






550 

435 

600 






585 

450 

660 






620 

462 

718 






652 

475 

780 






685 

498 

850 






740 

535 

940 






825 

600 

1000 at 65Z 






1020 

700 








875 at 89Z 






















Pour point, °F 


50 


55 





Flashpoint, °F 









Viscosity at 100° F , SPS 

at 210°F,cS 

at 250 <>f . cS 


884 (1900 cS) 








20.45 


32.69 








14.43 





Ash, wt% 



0.02 

0.001 





Ash: melt temperature, °F 









Heat of combustion, Btu/lb 









Carbon residue (Conradson) , wtZ 




16.31 





Carbon ramsbottom, wt% 









Thermal stability 









Electrical conductivity 









Water 









Sediment 









Neutrality 









Corrosion 























Hydrocarbon type: 
Saturates 


Ul 


Olefins 

Aromatics, total 
Aromatics, polynuclear 
Lumtnometer number 
Anallne point, 

H/C atom ratio 
Elemental analyses, wt%: 

C 

H 

N 

S 

o 

Trace metal analyses, ppm: 
V 
Ni 
Na 
K 

Mg 

Ca 

Pb 

Cu 

Fe 

Si 

Zn 

Ba 

Mn 

Mo 

W 

Ti 

AX 


86.77 

6.90 

1.2B 

0.72 

3.81 


0.08 


0.4 

0.5 


1.8 

8.8 




Containing 65 percent process solvent (3296-19 p. 57). 
^As received (3296-95 p. 66), 

*^3392-64 p. 79. 
















TABLE 7. - Continued 


VO 


(e) SRC (light organic liquid and recycle solvent); data from ref- 38. 


Property 

Test 

Distillate categories 


Light organic 
liquid 
(J-7951) 

Recycle sol- 
vent (J-7950) 



H' 



Gravity. °API (specific) 


(0.9182) 

(1.039) 






Bolling range: 

Initial boiling point. 

5% 

10 % 

20 % 

30 % 

40 % 

50 % 

60 % 

70 % 

80 % 

90 % 

95% 

Final boiling point, ®F 










181 

326 















284 

398 







325 

405 







335 

434 







348 

454 







365 

492 







375 

526 







397 

566 







407 

595 







415 

657 















561 

877 






Pour point, °F 


65 

45 




1 


Flashpoint, °F 


90 

205 






Viscosity at 100° F*. cS 

at 210 °F cS 

at ®F 


1.441 

5.88 







0.647 

1.464 














Ash, wt% 

D-482 

18. 

3. 






Ash: melt temperature. °F 









Heat of combustion, Btu/lb 


17 226 

16 715 






Carbon residue (Conradson) , vtZ 


0.01 

0.08 






Carbon ramsbottom. wt% 









Thermal stability 









Electrical conductivity 









Water "1 









f Oeatotued, fult ' " 




■" 0 







Sediment J 
Neutrality 
Corrosion 




Hydrocarbon type: 
Saturates 
Olefins 

Aromatics, total 
Aromatics, polynuclear 
















Lumlnometcr number 




Analine point, 




H/C atom ratio 




Elemental analyses. wt%: 
C 
H 
N 
S 
O 





84.72 

87.34 


9.98 

7.56 


0.23 

0,59 


0.40 

0.32 


5.00 

4.05 

Trace metal analyses, ppm: 
V 
Ni 
Na 
K 

Mr 

Ca 

Pb 





0.0 

0 


1.2 

0.3 


1.9 

1.6 


0.4 

0.4 


0,1 

0.2 


0.5 

0.4 


0.9 

0.3 

Cu 




Fe 


17.9 

4.4 

SI 


0 

0 

Zn 




Ba 




Mn 




Mo 




W 




Tl 


11.0 

11.0 


A1 


0.6 
























TABLE 7. - Continued 


VO 

oo 


(f) SRC products from Kentucky #9 coal; data from letter of May 16, 1975, to T.W. Reynolds, NASA Lewis 

from Robert G. Sperhac, Pittsburgh & Midway Coal Mining Co. 


Research Center 


Property 

Test 

fXstlllate categories 


Solvent* 

refined 

coal 

Wash 

solvent 

Light 

oil 





Gravity, °API (specific) 



(0.984) 

(0.934) 





Bolling range: 

Initial boiling point, 
5% 

10 % 

20 % 

30 % 

40 % 

50 % 

60 % 

70% 

80 % 

90 % 

95 % 

Final boiling point, ^F 

D-86 










383 

155 







402 

219 







408 

280 







413 

310 







417 

322 







421 

332 



— 




425 

342 







430 

350 







436 

357 







444 

366 







455 

380 







463 

400 







482 

402 





Pour point, °F. fusion point, *F 


430 







Flashpoint, °F 









Viscosity at 77 ^F^ cS 

at 100 ®F, cS 

at 




1.236 







2.75 

0.794 













Ash, wt% 


0.3 







Ash: melt temperature, ®F 









Heat of combustion, Btu/lb 









Carbon residue 









Carbon ramsbottom, wt% 





1 




Thermal stability 





1 




Electrical conductivity 









Water 




1 


1 




Sediment 

Neutrality 

Corrosion 











iO 


Hydrocarbon type: 
Saturates 
Olefins 

Aromatics, total 
Aromatics, polynuclear 
Lumlnometer number 



Trace metal analyses, ppm: 
V 
Ni 

Na 

K 

Mg 

Ca 

Pb 

Cu 

Fe 

Si 

Zn 

Ba 

Mn 

Mo 

W 


Tl 

















TABLE 7. - Continued 


(g) SRC (light organic liquids and recycle solvents); data from ref. 41. 


Property 

Test 

Distillate categories 



Light 

organic liquid 
(76D-1291) 

Recycle 

solvent 

(76D-3019) 

Recycle 

solvent 

(76D-1289) 

Recycle 

solvent 

(76D-1290) 




Gravity, °API (specific) 


(0.8470) 

(1.0318) 

(1.0333) 

(1.0333) 




Boiling range: 









Initial boiling point, 


83 

321 

306 

326 




5% 


149 

361 

373 

367 




10 % 


177 

375 

393 

390 




20 % 


213 

400 

409 

403 




30 


250 

416 

434 

441 




40 % 


284 

443 

453 

470 




50 % 


317 

468 

483 

501 




60 % 


339 

498 

510 

550 




70 % 


347 

537 

551 

584 




80 % 


384 

586 

594 

667 




90 % 


399 

647 

669 

771 




95 % 


420 

688 

724 

859 




Final boiling point, °F 


563 

844 

902 

1007 




Pour point, °F 









Flashpoint, °F 


18 


180 

182 




Viscosity at 100°F , cS 



5.56 

5.79 

10.44 




at 210°F , cS 



1.45 

1.48 

2.25 




at ®F 









'^h, , ppro 

D-482 


10 

100 

100 




Ash: melt temperature, °F 









fleul of combustion, Blu/lb 


L8 148 

_L6_826 

16_92J 





Carbon res iiKie (Conradson) , wtX 



0^9 

0.19 

{LM 




Carbon ramstoUoin, wt% 









'Ilurrmal stabilily 









Fleet lical eomiuetivity 









Water 


0 


0 

0 




Seiiiment 









Neutrality 









Corrosion 




































TABLE 7. - Continued 


(h) SRC (Wilsonville Process Solvent); data from ref. 41. 


Properly 

Test 

Distillate categories 

Process 

solvent 

C76D-1289) 

I Hydropro.cefssed process 

solvent 




J-8511 

J-8512 


■■ 

Gravity, ®API (apeclfic) 


5.3 

13.0 

19.5 

23.4 




Boiling range: 

Initial boiling point, 
5% 

10 % 

20 % 

30 % 

-10 % 

50 % 

60 % 

70% 

80 % 

90 % 

95% 

Final Boiling point, 









D-2887 

324 

175 

180 

172 





375 

303 

216 

207 





394 

362 

268 

232 













446 

413 

402 

387 













492 

469 

463 

432 













564 

534 

525 

495 













665 

627 

602 

578 





709 

681 

_ 649 

630 





872 

857 

818 

814 




Pour point, 









Flashpoint, ®F 


180 

87 

48 

62 




Viscosity at 100 ®F , cS 

at 210 ®F , cS 
at ®F 


5.79 

3.43 

2.20 

2.00 





1,48 

1.10 

0.93 

0.90 












Ash, wt% 









/\sh: melt temperature, °F 









Heal of combustion, Btu/lb 


16 921 

17 728 

18 572 

16 903 




Carbon residue 









Carbon ramsbottom, wt% 









Thermal stability 









Flectrlcal conchictivity 









Water 









Sediment 









Neutrality 









Corrosion 





















































































































Property 


O 


Gravity. ®API (specific) 
Boiling range: 

Initial boiling point. 

5% 

10 

20 % 

:to 'I 

40 'X 

bo ',T 
70 *1 
HO 'X 

ao % 

a.'i % 

Final boiling point. °F 
Pour point, °F 
Flashpoint. °F 
Viscosity at TUCP? — 

CSt ai ®F 

at °F 

V*h, wt Sf 

•Ash: melt temperature, 

Heal of combustion. Btu/lb 

Carbon rcsicAie 

Carbon ramsbottom. wi% 

Thermal stability 

Electrical conductivity 

Water 

Sediment 

Neutrality 

Corrosion 


D-1160 


TABLE 7 - Concluded. 















































Hydrocarbon type: 
Saturates 


Olefins 

Aromatics, total 
Aromatics, polynuclear 
















TABLE 8. - FUEL DATA FROM COED PROCESS 
(a) COED fuel from West Kentucky coal; data from ref. 53(a) 


Property 

Test 

Distillate categories 

Whole 

crude 

Naphtha 
(22.4 percent 

Middle 
diatlllate 
<46.2 percent! 

Gas oil 
(27.8 percent) 




Gravity. ®API (specific) 


23.1 

44.5 

20.7 

12.0 




Boiling range: 

Initial boiling point. °F 
5% 

10 % 

20 % 

30 % 

40% 

50 % 

60 % 

70% 

80 % 

90 % 

95% 

Final boiling point, °F 










97 

97 

364 

217 




distillation 


— 

— 








144 

434 

663 






219 

468 

693 






230 

499 

712 






257 

525 

731 






280 

555 

750 






298 

581 

769 






325 

611 

790 






345 

637 

811 





835 

367 

671 

835 




















Pour point. ^F 



1 






Flaiihpoint. °F 









Viscosity at °F 









at ®F 









at ®F 









Ash. wt% 









Ash: melt temperature, °F 









Heat of combustion. Btu/lb 









Carbon residue 









Carbon ramsbottom, wt^fc 









Thermal stability 









Electrical conductivity 









Water 









Sediment 









Neutrality 









Corrosion 





































































o 



VtpoTt coatalRt 4tttall«d hy4roproc«sslng d«ts on COED fraction!. 
































TABLE 8. - Continued. 

(b) COED fuel from West Kentucky coal; data from ref. 54(b) 


Property 

Test 

EXstillate categories 

Crude 

Distillate 

(<205*C; 

21 percent) 

Distillate 
(205*-380’C; 
54.2 percent) 

Residuals 
(>380*C; 
24.2 percent) 




Gravity, °API (specific) 


24.8 (.023) 

40.4(.823) 

18.9 (.941) 

10.1 (.999) 




Boiling range: 

Initial boiling point, 

5 % 

10 % 

20 % 

M % 

40% 

50 % 

60 % 

70 % 

80% 

90 % 

95% 

Final boiling point, °F 











123 

236 





Percent : 

212 

198 

367 





12.2 

302 

214 

415 





21.9 

392 

234 

455 





28.3 

437 

250 

492 





A3. 6 

527 

270 

512 





5A 

437 at 40 an 

288 

532 





63 

482 at 90 nn 

314 

554 





73 

527 at 40 nn 

336 

582 





82.5 

572 at 40 nm 

362 

611 







400 

646 







435 

683 







495 

706 





Pour point, ^F 


<5 

<5 

<5 

o 

00 




Flashpoint, ^F 









Viscosity at 77 °F, SUS 

at 100 °F, SUS 


48 








43(~5.1 cS) 







at 100 °F, cS 

445 


0.89 

4.51 





.Ash, wt% 



! 0 

0.002 

0 




/Ksh: melt temperature, °F 









Heat of combustion, Btu/lb 









Carbon residue (Conradson) 

D-189 



0.0 

0.36 




Carbon ramsbottom, wt% 


0 







Thermal stability 









Electrical conductivity 









Water 









Sediment 









Neutrality, acid number 

D-974 


0.03 

0.08 

0.37 




Corrosion 










































o 

<D 


Hydrocarbon type: 
Saturates 
Olefins 

Aromatics, total 
Aromatics, polynuclear 
Lumlnometer number 
AnaJine point, 

H/C atom ratio 
Elemental analyses, wi%: 
C 
H 
N 


S 

O 

Trace metal analyses, ppm: 
V 
Ni 
Na 
K 

Mg 

Ca 

Pb 

Cu 

Fe 

Si 

Zn 

Ba 

Mn 

Mo 

W 

Ti 


*^re detailed hydroeerboo eoalyslg contained In report. 














TABLE 8. - Continued. 

(c) COED fuel from Utah A-seam and Illinois #6 coal; data from ref. 39 


Property 

Test 

Distillate categories 



Utah 

A«seaa 

Illinois 

#6 ssaa 






Gravity, ®API (specific) 


20 

22 















Initial boiling point, 


280 

190 






5 % 









10 % 


430 

273 






20 % 









30 % 


530 

390 






40 % 









50 % 


660 

518 






60 % 









70 % 


780 

600 






80 % 









90 % 


920 

684 






95 % 









Final boiling point, ^F 


950 

746 






Pour point, ®F 


60 

n 






Flashpoint, °F 


75 

60 






Viscosity at 100^ F , cS 


8 

5 






at °F 









m ®F 







1 


Ash, wt% ] 


<0.01 

<0.01 






Ash: melt temperature, °F 









Heat of combustion, Btu/lb 









Carbon residue (lOZ bottoms) 



4.6 






Carbon ramsbottom, wtOf> 









'liter mal stability 









Electrical conductivity 









Water, wt% 


0.1 

0.1 






Sediment 









Neutrality 









Corrosion 





























TABLE 8. - Continued. 

(d) COED fuel from Illinois #6 coal (distillate cuts); data from ref. 39 


Property 

Test 

Distillate categories 








Gravity, °API (specific) 


18.4 

22.5 

11.2 





Boiling range; 

Initial boiling point, 
5% 

10 % 

20 % 

:» % 

40 % 

50 % 

60 % 

70 % 

80 % 

90 % 

95 % 

Final boiling point, °F 










354 

436 

557 














409 

459 

705 






























































780 

586 

870 















613 






Pour point, °F 


25 

-70 

70 





Flashpoint, °F 


16Q 

m 

Ann 





Viscosity at 100°F, SUS 

at 

at ®F 


52.5 (8.1 cS) 























.Vsh, wt% 


0,007 

0.0 






/\sh: melt temperature, °F 









Heal of combustion, litu/lb 









Carbon residue 

D-189 

0.4 


1.13 





Carbon ramsbotlom, wt‘J() 









I'herniul stability 









Fleet rit ul conductivity 









Water ^ 

■■■1 

— 1 







Combined 

Sediment J 

■■■1 








Neutrality 









Corrosion 






























Hydrocarbon type: 
Saturates 
Olefins 

Aromatics » total 
Aromatics, polynuclear 
Luminometcr number 
/Xnaltne point, °F 



Trace metal analyses, ppm: 
V 
Ni 
Na 
K 

Mg 

Ca 

Pb 

Cu 

Fe 

SI 

Zn 

Ba 

Mn 

Mo 

W 


Tl 













TABLE 8. - Continued. 

(e) COED fuel from Utah light and heavy coal; data from ref. 47 


Property 

Test 

Distillate categories 



Utah light 

Utah heavy 






Gravity. ®API (specific) 


41.9 

22.5 






Bolling range: 

Initial boiling point, 

5% 

10 % 

20 % 

X % 

40 % 

50 % 

GO % 

70% 

80 % 

90 % 

95 % 

Final boiling point, ^F 










176 

<300 















215 

314 







230 

416 























287 

552 















352 

680 















439 

736 















545 

849 




1 

1 


Pour point, ®F 


-65 

60 






Flashpoint, °F 


60 

120 






Vlscoalty at 100° F, cS 

at °F 

at °F 


0.94 

6.82 






















Ash. wt% 


<0.01 

<0.01 






Ash: melt temperature, °F 









Heat of combustion, Btu/lb 

Lower 

18 356 

18 020 






1 

Carbon residue 

1 

0.05 1 

1.46 






Carbon ramsbottom, wt% 









ITiermal stability 









Electrical conductivity 









Water 









Sediment 









Neutrality 









Corrosion 






















Hydrocarbon type: 

Sataratea 

Olefins 

Aromatics, total 
Aromatics, polynuclear 
Lumlnometer number 
Analine point, 

H/C atom ratio 
Elemental analyses, wt%: 

C 

H 

N 

S 

O 

Trace metal analyses, ppm: 
V 
Ni 
Na 
K 

Mg 
Ca 
Pb 
Cu 
Fe 
SI 
Zn 
Ba 
Mn 
Mo 
W 
Tl 


















TABLE 8. - Continued. 

(f) COED fuel from Utah and West Kentucky coals; data from ref. 55 


Property 

Test 

Distillate categories 

Utah 

T-460A 

W. Kentucky 
T-A60C 






Gravity, °API (specific) 


19.0 

22.3 






Dolling range: 

Initial boiling point, 
5% 

10 % 

20 % 

30 % 

40 % 

50 % 

60 % 

70 % 

80 % 

90 % 

95 % 

Final boiling point, *^F 










198 

148 







340 

246 







412 

287 







485 

364 







510 

420 







520 

492 







635 

537 







697 

603 







755 

657 







803 

715 







860 

782 







910 

824 







950 

844 






Pour point, °F 


50 

-15 






Flashpoint, *^F 


120 

<70 






Viscosity at ®F 

at °F 

at ®F 



















1 






Ash, wt% 









Ash: melt temperature, °F 









Heat of combustion, Dtu/lb 









Carbon residue 









Carbon ramsboUom, wt% 


0.83 

0.37 






Thermal stability 









Electrical conductivity 









Water 









Sediment 









Neutrality 









Corrosion 




























































Hydrocarbon type: 
Saturates 


Olefins 

Aromatics, total 
Aromatics, polynuclear 



7.7 



27.4 



64.9 




Lumlnometer number 




/Xnallne point, 




M/C atom ratio 




Elemental analyses, wt%: 
C 
H 
N 
S 
O 





85.91 

86.98 


11.97 

12.13 


0.25 

0.18 


0.0388 

0.0271 


1.62 

0.60 

Trace metal analyses, ppm: 
V 
Ni 
Na 
K 

Mg 

Ca 

Pb 

Cu 

Fe 

SI 

Zn 

Ba 

Mn 

Mo 














































W 





T1 


















TABLE 8 - Continued. 


Property 

LiUJf 

Test 

>ULU TrUHl ULQII UUO 1 V UUUU i t iwi, 

Distillate categories 

Whole 

crude 

light 

distillat 

heavy 

edistilla 

te 




Gravity, ®API (specific) 


17.9 

40.2 

19.4 





Boiling range; 

Initial boiling point, 

5% 

10 % 

20 % 

JO ‘1 
40 % 

60 % 

GO % 

70 % 

80 % 

90 % 

So% 

Final boiling point, °F 











120 

241 







163 

407 






325 


462 







228 

466 






528 

248 

484 







269 

506 






675 

292 








312 







■EfSGBH 

334 








352 

613 







388 

661 







432 









692 





Pour point*, °F 


64 


30 





Flashpoint, °F 

D-93 



126 





Viscosity at °F 

at ®F 

at °F 

























-\sh, wiX 




0.002 





Ash: melt temperature, °F 









Heal ol combustion, Btu/lb 









Carbon residue 


2.0 







Carbon ramsbottom, wt% 









Thermal stability 









Electrical conductivity 









Water 









Sediment 









Neutrality 









Corrosion 







































Hydrocarbon typa: 

Saturates 

OleUns 

Aromatics* total 
Aromatics, polynuclear 
Luminometer number 
Anallne point* 

H/C atom ratio 
ElemenUl analyses. wt%: 

C 

H 

N 

S 

o 

Trace metal analyses, ppm: 
V 
Nj 
Na 
K 

Mg 
Ca 
Pb 
Cu 
Fe 
Si 
Zn 
Ba 
Mn 
Mo 
W 


Tl 
















TABLE 8 - Concluded. 

(h) COED from Western Kentucky coal ; data from ref. 48. 


Distillate categories 




Final boiling point, 


Pour point, °F 


Flashpoint, °F 


Viscosity at 

cSt 

at °y 


•Vsh, wt% 


.Ash: melt temperature, ® 


Heat of combustion, Btu/lb 


Carbon residue 


Carbon ramsbollom, 


Thermal stability 


Electrical conductivity 


Sediment 


Neutrality 


Corrosion 







































Hydrocartwn type; 
Saturates 
Olefins 

Aromatics, total 
Aromatics, polynuclear 
Lumlnometer number 
AnaJine point, °F 



Trace metal analyses, ppm: 
V 
Ni 
Na 
K 

Mg 

Ca 

Pb 

Cu 

Fe 

Si 

Zn 

Da 

Mn 

Mo 

W 

Ti 



64.8 














TABLE 9. - FUEL DATA FROM GULF CATALYTIC LIQUEFACTION PROCESS 
[Data from ref. 56] 


Property 

Test 

Distillate categories 

Full' range pl 
(Western 
subbltualnous) 

Full -range F2 
(Bituminous , 
Pittsburgh 
seam) 

Distillate D 
from FI 





Gravity, °API (specific) 


7.0 

10.4 

14.0 





Boiling range: 

Initial boiling point, °F 
5% 

10 % 

20 % 

:io % 

40 % 

50 % 

60 % 

70 % 

80 % 

90 % 

95% 

Final boiling point, °F 












266 
































































































6^6 





Pour point, °F 









Flashpoint, °F 









Viscosity at 

at °F 

at °F 


Tn ranee of #4 or US fuel oils 

In range 
of #2 fuel 
oil 




















.\sh. wt% 




0.0030 





•Ash: melt temperature, °F 









Heat of combustion, Blu/lb 




1 





Carbon residue 









Carbon ramsboUom, wL^ 









I’hermal stability 









Flectrical conductivity 









Water 









Sediment 

- 








Neutrality 









Corrosion 












































TABLE 10. - FUEL DATA FROM EXXON DONOR SOLVENT PROCESS 
(a) EDS; data from ref. 57. 


Property 

Test 

fXstillute categories | 

1 Heavy naphtha 

1 Fuel oil 




Raw liquid 

Hydrotreated 

liquid 

Raw liquid 

Hydrotreated 

liquid 


Gravity, °API (specific) 


(0.87) 

(0.80) 

mg 





Boiling range; 

Initial boiling point, 
3% 

10 ^ 

20 X 

-10 '1 
60 % 
lio % 

70 % 

.^0 a 

00 '-i 

06 ‘v 

Final boiling point, ^F 

Nominal 

158 - 392 

158 - 392 

wmm 






















223 

198 

477 

462 




15/5 








Dist lilac Ion 








D-2092 









356 

315 

694 

657 





























390 

360 

811 

774 




















Pour point, “f 









I'lashpoint, *^F 









Visiosity at °F 

at °F 

















at 









■Viih, wt^v 









.Vsh: melt leniperaiure, °F 









Heat of combustion, Btu/Ib 

Hleher 

18 300 

19 300 

17 100 

18 100 




Carbon residue 









Carbon ramsbotloni. wt% 









•I'hermal stability 









Flectrical conductivity 









Water 









Sediment 









Neutrality 









Co rrosion 


















































TABLE 10 - Concluded. 

(b) EDS from Illinois coal; data from ref. 22, 


Property 

Test 

Distillate categories 


)istillat( 







Gravity. ®API (specific) 



■liRIH 






Boiling range: 

D-1160 

400-1000 







Initial boiling point. 


396 

403 






3*1. 









10 % 


437 

441 






20 % 









:» % 









40 '1 









50 % 



690 






00 % 









70% 









MO 7 









90 % 


625 

msamm 






95 % 


984 







Final bojling point. ^F 


mmm 

KEm 






Pour point. 









Flashpoint. ®F 


198 

204 






Viscoalty at 









cSt « 212 “f 


3.09 

10.04 






at 250°k 



5.8 






A:»h, wt% 



0.03 






Ash: melt temperature. °F 









Heat of combustion. Btu/lb 









Carbon rcslcKie 









Carbon ramsbottom. wt% 









Thermal stability 









Electrical conductivity 









Water 









Sediment 









Neutrality 









Corrosion 















































TABLE n. - FUEL DATA FROM ZINC CHLORIDE PROCESS 
[Data from ref. 58] 


Property 

Test 

Distillate categories 

Total diatillatea 

Run 25B data 


Run 24 

Run 26 

Run 25B 

IBP - 392^F 

392’ F - 617- F 

617- P - 887-F 

Gravity, °API (specific) 









Boiling range: 

Initial boiling point, 
5X 
10 % 

20 % 

30 % 

40 % 

50 % 

60 % 

70 % 

80 % 

90 % 

95 % 

Final boiling point, ®F 












IBP 

IBP 

392 

617 





























































































887 

392 

617 

887 


Pour point, °F 









Flashpoint, °F 









Viscosity at ^F 

at ‘’F 

at °F 



! 

1 















1 

1 






/\sh, wt% 









Ash: melt temperature, °F 









Heat of combustion, Btu/lb 









Carbon residue 









Carbon ramsbotlom, wt% 









I'hermal stability 









Klectrical conductivity 









Water 









Sediment 









Neutrality 








1 

Corrosion 








1 
















HydrocaH»n type: 
Saturates 












































TABLE 12. - FUEL DATA FROM CO-STEAM PROCESS^ 
[Data from ref. 59] 


Property 

Test 

Distillate categories 



11th run 
with 
IX HCOOH 

11th run with 
no additive 

11th run with 
aged lignite 
and H2O 





Gravity, *^API (specific) 









Boiling range: 

Initial boiling point, °F 
5*1, 

10 % 

20 % 

30 % 

40% 

50 % 

60 % 

70 % 

«0 % 

90 % 

95% 

Final boiling point, ®F 







































































— 










































Pour point, **F 









Flashpoint, ®F 









Viscosity ut 14 oPf, cS 

at 18{fF, cS 

ut ®F 


190 

598 

12800 






46.8 

110 

1030 













Ash, wt% 


0.05 

0.03 

Q-Q3 





Ash: melt temperature, °F 









Heat of (*ombuution, Btu/lb 

Calculated 

17 056 

16 886 

16 906 


1 



Carbon residue 









Carbon rambbotlom, wl% 









Thermal stability 









Kleclrical conductivity 









Water 









Sediment 









Neutrality 









Corrosion 



























CO 


T«bU 7 In reference. Opereclng conditions: 1 hr. st 430’C end 3000 pslg; synthesis gs« st 1:1 (H 0:cosl :oll, 9:30:70). 































TABLE 14. - FUEL DATA FROM CATALYTIC LIQUEFACTION OF PITTSBURGH SEAM BITUMINOUS AND WYOMING SUBBITUMINOUS COAL 

[Data from ref. 61] 


Property 

Test 

Distillate categories 

Pittsburgh 

sesa 

Vyoalng 
Big Horn 






Gravity, ®API (specific) 









Bolling range: 

Initial boiling point, 
5% 

10 % 

n% 25.21 
MA 28. 3Z 
40 % 

50 % 

60 % 

70% 

80% 

90 % 

95% 

Final boiling point, 










130 

130 























470 









470 






































































Pour point, °F 









Flashpoint, °F 









Viscosity at °F 

at ®F 

at ®F 

























Ash, wt% 









Ash: melt temperature, °F 









Heat of combustion, Btu/lb 









Carbon residue 









Carbon ramsbottom, wt% 









Thermal stability 









Ftectrical conductivity 









Water 









Sediment 









Neutrality 









Corrosion 


































Hydrocarbon type;* 
Saturates 
Olefins 

Aromatli-s, total 
Aromatics, polynuclear 










14.2 l.fl 

14.0 3.6 







0.2 

0.1 







10.8 36.2 

14.2 58.3 







30.3 

49.3 






Lumlnomcter number 









/Inallne point, 









ll/C atom ratio 









Flemental analyses, wt%: 
C 
H 
N 
S 
O 










89.05 

89. 18 







6.18 

8.97 







0.82 

0.40 







0.17 

0.04 







1.47 

1.03 






Trace metal analyses, ppm: 
V 
Ni 
Na 
K 

Mg 

Ca 

P»> 

Cu 

Fc 

Si 

Zn 

Ba 

Mn 

Mo 

W 

Tl 

















































































































































1 

1 





























Store detailed analyses of various fractions contained In report. 












TABLE 15. - FUEL DATA FROM SEA COAL PROCESS 
[Data from ref. 47] 


Property 

Test 

Distillate categories 

Sea Coal 







Gravity. ®API (specific) 


18. A 







Boiling range: 

Initial boiling point. 

5% 

10 % 

20 % 

30 % 

40 % 

50 % 

60 % 

70 % 

80 % 

90 % 

95 % 

Final boiling point. 










<300 
















<300 








318 
















460 
























572 
















760 
















875 







Pour point. °F 


55 







Flashpoint. °F 


145 







Viscosity at 100 ®F, cS 
at °F 

at ®F 


' 9.78 










• 













Ash. wt% 


0.02 







Ash: melt temperature. °F 









Heat of combustion* Btu/lb 

Lower 

17 782 







Carbon residue 


2,59 __ 







Carbon ramsbottom. wt% 









Thermal stability 









Flectricul conductivity 









Water 









Sediment 









Neutrality 









Corrosion 


























Hydrocarbon t>pe: 
Saturates 


OJ 


Olefins 

Aromatit s, total 
Aromatics, polynuclear 
Luminonicter number 
Analine point, °F 
H/C atom ratio 
Elemental analyses, wt%: 

C 

H 

N 

S 

O 

Trace metal analyses, ppm: 
V 
Ni 
Na 
K 

Mg 

Ca 

Pb 

Cu 

Fe 

Si 

7m 

Ba 

Mn 

Mo 

W 

Tl 















TABLE 16. - SUMMARY OF LIQUID FUEL PROPERTIES 


Boilinc 

Gravity 

Elemental composition, wt % 

Viscosity, cP 

range, 

©F 

API 

Specific 

H 

N 

S 

at 

100® F 

at 

210® F 


Heat of 

combustion, 

Btu/lb 


Reference 


H-Coal process 


180 - :>d44 
S620 
S358 

282 - 570(90%) 
-50 - 350 
217 - 500 
434 - 767 
400 

466 - >676 
493 - >810 
144 - 689 
144- 397 
397 - 687 
138 - 795 
138 - 387 
387 - 795 
180 - 975 
180 - 445 
372 - 680 
639 - 975 
482 - >963 
-*950 
£950 

180 - 375 
375 - 650 
650 - 975 
180 - 975 
Liquids 
^ Ziqul(to 
Liquids 
271 - 885 
270-942 
26-748 
20 - 548 
315 - 851 
61-582 
71-808 
275 - 890 


27.6 

1.9 

2.0 

19.0 

44.9 

25.9 

7.9 
-7.5 

-16.5 

-17.7 

19.8 

32.3 

13.0 

17.0 

37.4 
6.6 
6.4 

38.6 

14.0 
-2.3 


15.0 

4.4 

26.8 


7.4 

8.1 

8.0 

10.34 
12.9 
11.2 
10.4 

7.36 

46.35 

6.96 


8.19 

12.41 

9.73 

7.58 

7.94 

6.85 

6.26 

13.6 

11.0 

10.2 

11.9 

9.48 

8.43 
10.54 
10.14 

9.80 

11.76 

11.99 

9.43 
11.85 
11.27 

8.64 


0.81 

.77 

.60 

.22 

.047 

.0044 

.0083 

1.3 

1.11 

l.X 

.44 

.42 

.446 

.683 

.212 

.871 

.81 

.19 

.42 

1.01 

.77 

.39 

1.30 

.1 

.1 

.1 

.1 

.68 

1,05 

.64 

.38 

.38 

.20 

.20 

.42 

.13 

.44 

.41 


0.47 

.15 

.23 

.16 

.26 

.17 

.17 

.48 

1.43 

.66 

.21 

.13 

.29 

.27 

.06 

.35 

.22 

.24 

.18 

.22 

.42 

.19 

.95 

.1 

.1 

.3 

.1 

.19 

.43 

.16 

.11 

.13 

.25 

.26 

.12 

.09 

.24 


178 

272 

2.47 


2.4 

1.08 

3.87 

6.1 

.96 

14.9 

155 

4.45 


(465 cP) 


2.7 

36 

318.3 


17 420 

17 415 

18 415 


16 700 


17 411 


1 

(a) 

(a) 

(a) 
2 
2 
2 

(b) 

3 

3 

4 




7 

7 

7 

32 


^Letter from Q.R. Fox of Geziersl Electric Resesrch and Development Center to Lloyd I. Shure of NASA Lewis 


Research Center, Feb. 18, 1977. 

^smo for record, John S. Clark of NASA Lewis Research Center, July 19, 1977. 

^Meetlnc handout on H-Cosl pztxkicU for sas-turbino combined cycles, Paul H. Kydd of General HectHc Co. , 
8ehsoects<^, N.T., Jan. 9, 1976. 
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TABLE 16. - Continued 


Boiling 

range, 

°F 

Gravity 

Elemental composition, wt 9 d 

Viscosity, cP 

Heat of 

Reference 

API 

Specific 

H 

N 

S 

at 

100° F 

at 

210° F 

combustion, 

Btu/lb 



Synthoil process 



241 - ^>530 



7.72 

1.190 

1.021 





9 

395 - »945 

-3 7 

125 









407 - >951 

•3,5 


7 58 

1 46 

55 





3 

445 - »970 

•4. 3 

1. 1124 

7.42 

1 , 31 






1 

463 - 950 

9.5 

1.0035 

9.77 

377 






329 - >795 

-.6 

Ljiai 


786 

42 




M 

■ 

329 - 405 

19.7 

.936 


423 

.20 

2 27 



■ 

405 - 685 

11.4 

. 950 


.724 

.30 

9.56 



■ 

■ 

6S5 - 938 

•3.9 

1.109 

— 

1.137 

.44 




■ 

■ 

(Full range) 



7 72 

1 205 

1 057 






300 - :-698 


MM 


.79 

.22 

673 




>695 




1 •?> 



.1 - ^ « 




509 - 650 


WH 


.32 

.14 

7.23 

•^%)9 • L 

1.35 




650 - 698 




17 



-1 n 1 




341 - >890 


1.10 

7.97 

.97 

.43 

00. 9 
2509 

3,91 

23.6 

16 391 


5 

<409 - >780 

4.0 

— 


.81 

.21 

143.5 


17 245 

13 


SRC process 





Solid: m.p. 312 


— 

6.56 

1.87 

1.07 



15 719 

13 

Solid: m.p. 367 



6. 12 

1 39 

_ 33 






Solid: m.p. 327 



5, 62 

1,91 

1 10 



i 3 / J J 
1 ^ A ^7 



Solid: m.p. 334 

HB| 


5.45 

1.95 

1.09 




1 0 oO i 

15 67 3 



Solid: 300^ 

-18.3 



2.0 

.8 





,17 






lo uuu 

16 

400 - 900 

5.0 

— 

7.9 

.9 

.3 

7.3 


17 300 

16 

17 

100 - 400 

39.0 


11.5 

.4 

2 



19 048 

16 

17 

400 - >1020 
385 - >875 

•5.8 
2 5 


6.90 

1.28 

.72 

1900 

20.43 



3 

433 - >1000 

9 6 


8 76 

548 

02 





3 

181 - 561 

22.6 

.9182 

9.98 

.23 

,40 

1.441 

0^. 09 

.647 

17 226 


3 

5 

326 - 877 

4.69 

1.039 

7.56 

.59 

.32 

3.38 

1.464 

16 715 


5 

383 - 48 2 

12.3 

.984 

3.6 

.6 

,2 

mm 



(d) 

155 - 402 

20.0 

934 

10. 1 



WBM 

PVWWV 




8 3 - 56 3 

35.6 

847 

11,33 

^ 30 

60 

nmni 

1 A 1 AA 

laj 1 

321 - 844 

3.64 

1.0318 

7.65 

.59 

.41 

5.36 

1.45 

10 

16 326 

0 

£ 

306 - 902 

5.48 

1.0333 

7.43 

.62 

.37 

5.79 

1.48 

16 921 



326 - 1007 

5.48 

1.0333 

3.78 

.50 

.35 

10.44 

2.23 




324 - 372 

5.3 


7.43 

.62 

.37 

5.79 

1.48 

16 921 




^Letter from Robert G. Sperhac of Pittsburgh L Mlctway Coal Mining Co. to Thalne W. Reynolds of NASA Lewis 
Research Center, May 16, 1975, 
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TABLE 16. - Continued 


BoUlrtg 

range. 

Of 

Gr 

svity 

Elemental composition, wt % 

Viscosity, cP 

Heat of 
combustion, 
Btu/lb 

Reference 

API 

Specific 

H 

N 

S 

at 

100® F 

ro 

o » 
o 



SRC process (Concluded) 


175 ^ 857 

13.0^ 


8,88 

mm 

0.06 

3.43 

1.10 

— 
17 728 

30 

180 - 818 

14.5 


10.32 

mM 

.01 

2.20 

.93 

18 572 

30 

172 - 814 

23.4 


10.99 

mm 

.01 

2.00 

.90 

18 903 

30 



COED process 



97 - 835 

23.1 


Q| 

0ri25 





.. 

97 - >367 

44.5 

I9WW 


056 

nniQ 




1 

o 

364 - >671 

20 7 


2 

16 







217 - »6 35 

12.0 


10.7 

MB 

00 9Q 






212 - >600 

21.8 



^ 226 

08 






123 - 499 

40.4 



^ 190 

05 




1 

9 

236 - 706 

18.9 



248 

n j. 

4.51 





>716 

10.1 




^ 294 






280 - 950 

20 


11 0 


t 





6 

190 - 746 

22 


10.9 


1 

e 




354 »-780 

18.4 









436 - 613 

22.5 




0/14 

8 . 1 
3.9 





557 - >670 

11.2 




07 





176 - 545 

41.9 



.193 

<,01 

.94 


18 356 

1 

3 

<300 - 849 

22.5 

— 


.143 

.05 

6.82 



18 020 

13 

198 - 950 

19.0 



11^ 97 

_ 25 

18 






148 - 844 

22,3 

— 

12.13 

.0388 

.0271 

1 

1 

1 

1 

1 

1 

1 

— 


20 


Gulf Catalytic process 







BB9B 

8 84 

0 . 51 

0.07 







HBM 

9 44 







266 - 688 


hbi 

9.54 

. 31 

04 




■ 

■ 

>130 



8 97 

40 


B||B|||| 


^■UbI^b 



>130 

BBS 

— 

8.18 

.82 

.17 

BBS 

— 

999 

■ 

■ 


Exxon Oonor Solvent proc 

ess 




158 - 392 

31.1 

0.87 

10.90 

0.21 

0.47 


. 

18 300 

23 

158 - 392 

45.4 

.80 

12.90 

.06 

005 






392 - 1000 

-.5 

1.08 

7.70 

.66 







392 - 1000 

8.6 

1.01 

8.60 

.24 

.04 


— 

18 100 
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TABLE 16. - Concluded 



Gn 

ivlty 

Elemental composition, wt % 

Viscosity, cP 

Heat of 

Reference 

API 

Specific 

H 

N 

S 

at 

100° F 

(t 

210® F 

combustion, 

Btu/lb 




ZnCl 2 process 




180 - 887 




8 65 

rt nn!7T 







180 - 392 




8. 33 

0018 

MM 




■ 

H 

392 - 617 



9 65 

J)025 

WM 





■ 

617 - 887 



8.96 

.ilOfiO 

MM 






Cj - ^err 



8.48 

JJ020 

r02 





■ 

C, - :>887 



8 65 

.^MX23 

Q 




■ 

■ 

5 

C, - :.387 



8.58 

.0194 

.01 




■ 


5 







■ 


Co'Steazn process 






7 1 



BHHH 





BmWBM 



6 8 

HH 

0 . 13 


BSB 

17 056 

2 

5 

IISBI 

1029 

9S9 

6.6 

B 

. 10 
.12 



16 886 
16 906 

25 

25 



Flash Pyrolysis process 






■11 

Wf 


MMMM' 

mmmm 

j 


mmM 



El 

m 

mM 








ebibib 






Sea Coal process 




^300 - 875 

18.4 

— 

1 

1 

1 

0.403 

0.02 

9.78 

— 

17 782 

13 






























TABLE 17. - PROPOSED SPECIFICATIONS FOR TYPICAL COAL-DERIVED FUEL^ 
[Data from ERDA RFP-EF-77-R-01-2674, June 6, 1977.] 


Property 

Test 

Distillate categories 








Gravity, ®API (specific) 


17 - 25 







Boiling range: 

Initial boiling point, 
5% 

10 % 

20 % 

30 % 

40% 

50 % 

60 % 

70% 

HO % 

90 % 

95% 

Final boUlng point, °F 

















































































































Pour point, °F 


20 - 70 







Flashpoint, °F 


UO - 160 







Viscosity at 100 °F, cS 
at ®F 

at ®F 


10 - 20 

















! 






/\sh, wt% 









Ash: melt temperature, °F 









Heat of combustion, Btu/lb 


EHffimRI 







Carbon residue 









Carbon ramsboltom, wt% 









Thermal stability 









Electrical conductivity 









Water 


<0.1 







Sediment 









Neutrality 









Corrosion 






























^Hange of properties sssmed to be after water^^ssh cleanup. 
^Inconsistent with gravity range. 









TABLE 18. - COAL DERIVED SYNGAS PROPERTY FORM 


Property 





Composition, vol%: 

«2 

CO 

C02 

H2S 

NH3 

CH^ 

Other hydrocarbons 
N2 

COS 





































Specific gravity 





Average molecular weight 





3 

Heating value, Btu/ft : 

Gross 

Net 

Gross with CO2, H2S, and NH^ removed 
Net with CO2. H2S, and NH^ removed 





















Sblfur, ppm 





Alkali metals and sulfur, ppm 





Water, vol. % 





Solids, ppm 





Solids: particle size, ^xm 





Flammability limit ratio 











144 














TABLE 19. - FUEL DATA FROM LOW-BTU GAS 
(a) Low Btu coal gas; data from ref. 5, p. 6 


Property 

Typical 

ranges 




Composition, vol%: 

«2 

CO 

CO, 

H 2 S 

NH 3 

CH, 

Other hydrocarbons 
COS 

12 - 16 




2 - 32 




0.5 - 10 












0.5 - 4.5 








3Q - 55 








Specific gravity 

0.8 - 0.92 




Average molecular weight 





Heating value, Btu/ft^: 

Gross 

Net 

Gross with CO 2 , ^ 28 , and removed 

Net with CO 2 , ^^ 2 ^* removed 





- IIQ - 165 
















Sulfur, ppm 





Alkali metals and sulfur, ppm 





Water, vol.% 





Solids, ppm 





Solids: particle size, 





Flammability limit ratio 











145 










TABLE 19. - Continued. 

(b) Typical low-Btu gas, from air-blown gasifiers; data from ref. 77 


Property 





Composition, vol*^; 

H, 

CO 

CO, 

H 2 S 

NH 3 

CH^ 

Other hydrocarbons 

N 2 

COS 

17.0 




28.3 




4.5 












3.0 








47.2 








Specific gravity 

i 




Average molecular weight 





3 

Heating value, Btu/ft ; 

Gross 

Net 

Gross with CO 2 , H 2 S, and NH^ removed 
Net with CO 2 , H 2 S, and removed 





176.0 
















Sulfur, ppm 





Alkali metals and sulfur, ppm 





Water, vol.% 





Solids, ppm 





Solids: particle size, ^^n 





Flammability limit ratio 











146 

















TABLE 19. - Continued. 

(c) Typical fixed-bed gasifier composition (raw gas out of gasifier); data 
from ERDA RFP-EF-77-R-01-2674, June 6, 1977 


Property 





Composition, vo\%: 

»2 

CO 

CO., 

H2S 

NH3 

CH^ 

Other hydrocarbons 

N2 

cos 

19.93 




12.66 




13.75 




0.57 




0.23 




4.58 




0.40 




37.63 




0.06 




specific gravity 





Average molecular weight 





Heating value, Btu/ft^: 

Gross 

Net 

Gross with CO2, ^2^* ^*^3 ^^°^oved 

Net with CO2. ^28, and NH^ removed 





163.8 







I ■ . ^ 









Sulfur, ppm 





Alkali metals and sulfur, ppm 





Water, vol. % 





Solids, ppcB lb dust lb gas 

-0.049 




Solids: particle size, fjsn 

(a) 




Flammability limit ratio 





H2O 

10.19 





Less than 5 percent of solids smaller than 2 um 
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TABLE 19. - Continued. 

(d) Molten-salt gasification; data from ref. 79. 


Property 

Raw fuel gaa 
(p.421 

Hot-vall 

gasification 

(p. 35 ) 

Cold-wall 

gasification 

(p.35) 

Study 

assumption 
(Illinois #6 
coal) 
(P.17) 

Composition, vol%: 

»2 

CO 

CO2 

H2S 

NH3 

CH. 

4 

Other hydrocarbons 

^2 

COS 

13.79 

13.175-14.337 

12.658-13.173 

12.57 

28.33 

27.77-29.413 

26.279-27.989 

26. 398 

3.08 

1.735-2.667 

2.599-3.217 

3.322 

0.10 

0.007-0.016 


0.009 





1.50 

1.518-2.028 

1.266-2.037 

1.850 





50.85 

50.848-51.905 

51.991-52.868 

53.01 


0.005-0.011 

0.010-0.019 

0.007 

%>ecific gravity 





Average molecular weight 





Heating value, Btu/ft^: 

Gross 

Net 

Gross with C02» H2S, and NH^ removed 
Net with CO21 H2S, and NH^ removed 










143.9-149.7 

129.6-144.7 










Sulfur, ppm 





Alkali metals and sulfur, ppm 





Water, vol. % 

2.35 

2.041-2.44 

2.164-3.130 

2.837 

Solids, ppm 





Solids: particle size, /xm 





Flammability limit ratio 
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TABLE 19. - Continued. 

(e) Typical gaseous fuels; data from ref. 79. 


Property 

Blast furnace 
gas 

Producer gas 
(coke) 

Producer gas 
(coal) 


Composition, vol%: 

»2 

CO 

CO 2 

H2S 

NH3 

CH. 

4 

Other hydrocarbons 

^2 

COS 

2.0 

11.0 

12.0 


27.0 

29.0 

29.0 


11.0 

5.0 

4.0 










— 

0.5 

2.6 




0.4 


60.0 

54.5 

52.0 






specific gravity 





Average molecular weight 





Heating value, Btu/ft^: 

Gross 

Net 

Gross with COgf HgS, and NH^ removed 
Net with C02f HgS, and NH^ removed 





91.2 

131.5 

166.4 














Sulfur, ppm 





Alkali metals and sulfur, ppm 





Water, vol. % 





Solids, ppm 





Solids: particle size, ;xm 





Flammability limit ratio 
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TABLE 19. - Continued, 
(f) Data from ref. 80. 


Property 

Predicted range 
not yet 
verified 
by test of 
composition 
system 

Range from 
tests 



Composition, vol%: 

»2 

CO 

CO2 

H2S 

NH3 

CH4 

Other hydrocarbons 

^2 

COS 

14 - 17 

11.17-23.5 



9-22 

6.58-30.95 



5-11 












3 

1.49-3.66 







48 - 52 

34.96-56.7 







specific gravity 





Average molecular weight 





Heating value, Btu/ft^: 

Gross 

Net 

Gross with COg* H2S, and NH^ removed 
Net with C02» H2S, and NH^ removed 









100 - 135 

90-197 











Sulfur, ppm 





Alkali metals and sulfur, ppm 





Water, vol.% 

9 

0 



Solids, ppm 





Solids: particle size, pan 





Flammability limit ratio 
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TABLE 19. - Concluded. 

(g) Producer gas; data from course notes on "Synthetic Fuels from Coal." Center 
for Professional Advancement, July 22-24, 1974, p. 50 


Other hydrocarbons 



Specific gravity 


Average molecular weight 


Heating value* Btu/ft^: 


Gross with €02# ^2^* ^3 

Net with C02» H 2 S, aiid NH, removed 


Sulfur, ppm 


Alkali metals and sulfur, ppm 


Water, vol.% 


Solids, ppm 


Solids; particle size, ^<m 


Flammability limit ratio 
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TABLE 20. - PROPERTY DATA FOR SYNTHETIC GAS FROM LURGI PROCESS 


[Data from ref. 81] 


Property 

Montana 

Coal 

Illinois 

#6 

Illinois 

#5 

Pittsburg 

#8 

Composition, vol%: 

«2 

CO 

CO 2 

H^S 

NH3 

CH. 

4 

Other hydrocarbons 

^2 

COS 

40.1 

38.4 

39.2 

21A 

15.1 

17.8 

17.1 


29.7 

.91 .1 

30.0 

32.0 





0.63 

0.51 

0.5 

0.47 

12.1 

9.5 

10.0 

9.3 






0.7 

0.1 






specific gravity 





Average molecular weight 





Heating value, Btu/ft^: 

Gross 

Net 

Gross with CO 2 . H2S, and NH^ removed 
Net with CO 2 , H2S, and NH^ removed 









lOLL 

298 


290.4 









Sulfur, ppm 





Alkali metals and sulfur, ppm 





Water, vol.% 





Solids, ppm 





Solids: particle size, ^ 





Flammability limit ratio 
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TABLE 21. - PROPERTY DATA FOR SYNTHETIC GAS FROM KOPPERS-TOTZEK PROCESS 

[Data from ref. 81] 


Property 

Eastern 


Coal 


Composition, vol^ 
Ho 


Other hydrocarbons 

^2 

COS 


%)ecific gravity 


Average molecular weight 


Heating value, Btu/ft : 

Gross 

Net 

Gross with C02t H2S, and NH^ removed 
Net with COo» HoS, and NH„ removed 


Sulfur, ppm 


Alkali metals and sulfur, ppm 


Water, vol.% 


Solids, ppm 


Solids: particle size, ;xm 


Flammability limit ratio 
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TABLE 22 


PROPERTY DATA FOR SYNTHETIC GAS FROM HYGAS PROCESS 


[Data from ref. 81] 


Property 





Composition, vol%: 

«2 

CO 

CO 2 

H 2 S 

NH 3 

CH^ 

Other hydrocarbons 

^2 

COS 

24.22 




7.28 




3.59 








0.52 




13.26 ___ 








HBRSH 








specific gravity 





Average molecular weight 





Heating value, Btu/ft^: 

Gross 

Net 

Gross with CO 2 , H 2 S, and NH^ removed 
Net with C 02 » H 2 S, and NHg removed 





















Sulfur, ppm 





Alkali metals and sulfur, ppm 





Water, vol.% 





Solids, ppm 





Solids: particle size, /im 





Flammability limit ratio 






i 
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TABLE 23. - PROPERTY DATA FOR SYNTHETIC GAS FROM SYNTHANE PROCESS 


[Data from ref. 81] 



















TABLE 24. - PROPERTY DATA FOR SYNTHETIC GAS FROM EXXON CATALYTIC PROCESS 


[Data from ref. 66] 


Other hydrocarbons 



Specific gravity 


Average molecular weight 


Heating value, Btu/ft : 


Gross with C02, H 2 S, and NH^ removed 
Net with C02» H 2 S, and NH^ removed 


Sulfur, ppm 


Alkali metals and sulfur, ppm 


Water, vol. % 


Solids, ppm 


Solids: particle size, ^ 


Flammability limit ratio 
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TABLE 25. - PROPERTY DATA FOR SYNTHETIC GAS FROM CO 2 ACCEPTOR PROCESS 

[Data from ref. 68] 
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Figure 1. - Coal liquefaction routes (only major products are shown). 
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Figure 2. - Schematic of Lurgi-Ruhrgas process. 
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Figure 3. - Schematic of COED (FMC) process. 
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Figure 4. - Schematic of the U.S. Steel clean-coke process. 
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Figure 5. - Coalcon hydrocarbonization process. 
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Figure 6. - Block flow diagram for the Cities Service conceptual FHP process using char 
gasification for hydrogen production. 





(T» 

Ca> 



Figure 7. - Schematic flow diagram for the Schroeder-SCC FHP process, 
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Figure 8. - Schematic of Consol synthetic fuel (CSF) process. 
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Figure 9. - Schematic of the solvent refined coal (SRC) process, 
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Figure la - Schematic of modified SRC process for distillate product 
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Figure IL - Block flowsheet for solvent-refined lignite process. 



Figure 12. - Schematic of the Costeam process. 
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Figure 13. - Block diagram of Exxon donor solvent (EDS) process. 
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Figure 19. - Simplified flow diagram of the C-E Lummus CFFC process. 



Figure 2a - Process schematic of Gulf CCL process. 
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Figure 21. - Variation of hydrogen content of coal-derived fuels 
with API gravity. 
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Figure 22. - Relation of fuel-tx)und nitrogen 
and hydrogen levels in coal-derived fuels. 



Figure 23. - Variation of heat of combustion 
of coal-derived fuels with hydrogen content 
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Figure 24. - Lurgi gasification configuration. 
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Figure 25. - Synthane process schemalic. 
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Figure 26. - Exxon catalytic gasification process. 
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Figure 28, - Schematic of advanced coal gasification system for electric power generation 
(Westing house). 
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Figure 29. - Carbon dioxide acceptor process schematic. 
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Figure 3L - Bi-gas process schematic. 
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Figure 32. - C - E, Inc. gasification process. 



















Figure 36. - Variations In gross heating value of low 
and medium Btu gases with Inert-gas content 
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